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Russia: Role of Excited State in Piezospectroscopic 
Properties of Sn, Acceptor in GaAs 


964D0173A St. Petersburg FIZIKA | TEKHNIKA 
POLUPROVODNIKOV in Russian Aug 95 No 8, 
pp 1382-1387 


[Article by I. V. Kostin, Ye. B. Osipov, N. A. Osipova 
and N. O. Sorokina, Cherepovets State Pedagogical In- 
stitute iment A. V. Lunachareskiy; manuscript received 
4 May 94, signed to press 21 Sep 94] 


(FBIS Summary] The paper offers an explanation for the 
experimentally observed nonlinear pressure dependence 
of frequency of luminescent radiation that arises upon 
transition of electrons from the bottom of the conduction 
band to the ground level of Sn,, acceptor in GaAs. 
According to the model on which the calculations are 
based, substituuion of a tin atom for arsenic in GaAs 
gives rise to two Closely spaced (ground and excited) 
I’, levels in the forbidden band of the semiconductor, 
and it is the interaction between these levels under 
uniaxial deformation that determines the nonlinearity of 
pressure dependence of their energies and the frequency 
of luminescent emission. Relations are given for the 
energy of a quantum of luminescent emission as a 
function of pressure in the case of deformation along 
axes [OO1], [111] and (110). From a comparison with 
experimental data, the authors determine the ratios 7/A 
and kig?/A, where J is the distance between the ground 
and excited I’, levels in the absence of deformation, |g 
and ki are constants that characterize interaction between 
sublevels of the ground and excited states for Pi(001) 
and Pil{ill] respectively. Calculation of the pressure 
dependence of the polarization ratio for cases PIl[001), 
Pilf itl} and Pui 110) within the scope of the described 
model agrees with experiment. Figures 2, references 3. 


Russia: Heteroepitaxial Growth of SiC Based on 
AIN/ALO, Substrates 


964D0173B St. Petersburg FIZIKA | TEKHNIKA 
POLUPROVODNIKOV in Russian Aug 95 No 8, 
pp 1425-1429 


[Article by A. N. Kuznetsov, A. A. Lebedev, M. 
G. Rastegayeva, N. A. Rogachev (deceased), Ye. I. 
Terukov and M. P. Shcheglov, Physicotechnical Insti- 
tute imeni A. F. loffe, Russian Academy of Sciences; 
manuscript received 17 Oct 94, signed to press 8 Nov 
94] 


([FBIS Summary] Epitaxial silicon carbide layers are 
produced by reactive magnetron sputtering on Al,O, 
substrates with a layer of aluminum nitride to match the 
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material of the substrate and the SiC layer. Two mag- 
netron systems based on standard facilities were used. 
The vacuum chambers were evacuated by rotary and 
diffusion pumps to 10* Pa. The best results were ob- 
tained on a silicon carbide target in an argon atmosphere 
with admixture of one percent silicon hydride. Total gas 
pressure was | Pa. Sputtering was done at 380 volts, 20 
milliamperes. The resultant films adhered well to the 
substrate surface and had low resistivity. It was found 
that resistance of the epitaxial layer ranges over seven 
orders of magnitude depending on growth temperature 
(or subsequent annealing), indicating possible existence 
of an amorphous polycrystal SiC phase transition. Fig- 
ures 2, references 13. 


Russia: Sulfide Passivation of GaAs Surface: 
Unpinning of the Fermi Level 


964D0173C St. Petersburg FIZIKA | TEKHNIKA 
POLUPROVODNIKOV in Russian Aug 95 No 8, 
pp 1488-1493 


[Article by B. I. Bednyy and N. V. Baydus; manuscript 
received 26 Sep 94, signed to press 13 December 94] 


[FBIS Summary] Recent research has shown a consid- 
erable reduction in the height of the Al/GaAs Schottky 
barrier with modified sulfide surface treatment includ- 
ing conventional treatment in a solution of Na,.9H,O 
with additional vacuum heat treatment at 250-300°C. 
The result indirectly showed a reduction in the den- 
sity of surface electron states responsible for pinning 
the Fermi level on the GaAs surface. The authors of 
this paper study the effect that sulfide and vacuum heat 
treatments have on near-surface bending of bands and 
energy distribution of surface electron states, and find 
direct experimental proofs of an effect of unpinning of 
the Fermi level on the free surface of GaAs. The unpin- 
ning effect shows up in a considerable reduction of the 
density of surface states and near-surface band bending 
The experimental results are attnbuted to formation of 
an ordered covering sulfide layer in which adatoms of 
sulfur replace arsenic atoms and form chemical bonds 
with gallium atoms. The research data concerning un- 
pinning of the Fermi level on sulfided surfaces of GaAs 
with vacuum heat treatment agree nicely with the the- 
ory and results of investigation of the structural and 
chemical properties of such surfaces. It is noted that 
the observed degradation of the state of the passivated 
surface when specimens are held for a long time in air 
is due to oxidative processes that result in considerable 
disordering of the surface and give rise to structural de- 
fects responsible for pinning of the Fermi level near the 
middle of the forbidden band. Figures 2, references 19 
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Russia: Chracteristics of Solar Cells at Low 
Temperatures 


964D0173D St. Petersburg FIZIKA | TEKHNIKA 
POLUPROVODNIKOV in Russian Aug 95 No 8, 
pp 1494-1497 


[Article by Ye. G. Guk, V. B. Shuman and A. §. 
Zubrilov, Physicotechnical Institute imeni A. F. loffe, 
Russian Academy of Sciences; manuscript received 8 
Dec 94, signed to press 13 Dec 94) 


[FBIS Summary] The authors study the characteristics 
of solar cells with n*pp* structure (p., = '-3 §2.cm) at 
293 and 78 K. The cells were planar. The thickness 
of the silicon plate was 300-350 ym. The depth of 
the p* diffusion layer was about | jam, and its layer 
resistance was 5-9 §2. The depth of the emitter pn 
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junction under the contact grid was }-2 j:m, its layer 
resistance was 12-25 §2, and its thickness over the rest 
of the emitter was roughly 0.5 jam with layer resistance 
of 50-90 $2. Lifetume of minority carriers was 4-15 jis 
Thickness of the SiO antreflective coaung was about 
850 angstroms. Photoactive area was 17.8 mmr. The 
contact grid had a mesh of 200 yam, and the width 
the metallized strips was 10 yum. The resistance of the 
frontal doped layer contributed no more than 17 mf? 
to the series resistance of the solar cell. It was tound 
that lowering the temperature from room level to 78 K 
can no more than double the efficiency of the solar cel! 
The temperature efficiency of the cell 1s not a constant 
but rather depends on electrophysical parameters, which 
might be one of the reasons for the discrepancies of data 
given by different authors. Figures 2, references & 
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Russia: Structure and Mechanical Properties of 
Pressed Rods Produced From Titanium Chips 
Without Remelting 


964D0270A Moscow IZVESTIYA VYSSHIKH 
UCHEBNYKH ZAVEDENIY: TSVETNAYA 
METALLURGIYA 

in Russian No 1, Jan-Feb 95 (manuscript received 
6 Apr 95) pp 59-63 


[Arucle by V. V. Shevchenko, B. A. Kolachev, I. D. 
Nizkin, V. D. Talalayev and P. D. Drozdov, Metal 
Sciences and Hot Processing of Metals Department, 
Moscow State Aviation Technology University; UDC 
669.295 :669.129:669.493} 


{[FBIS Summary] There are great accumulations of 
titanium chips available which can be efficiently and 
economically used in the production of a number of 
products. However, this is true only if remelting of the 
chips can be avoided since otherwise the costs involved 
are prohibitive. A study was therefore made of the 
microstructure of semifinished rod products produced 
using a hydrogen technology from chips of industrial- 
grade titanium VT1-0 and the alloys VT3-1, VT6 
and Ti + 2.5Al without remelting of the chips. A 
distinguishing feature of the initial microstructure of the 
hot-pressed rods is the presence of interchip boundaries, 
which disappear as a result of subsequent consolidating 
thermal processing in the temperature range 850-900°C. 
The short-term mechanical properties of semifinished 
rod products produced from VT1-0 titanium chips were 
assessed. The mechanical properties of the resulting 
semifinished items with respect to their mean values 
meet the requirements set by State Standard [GOST] 
26-452-85 for rods of titanium VTI-0 produced by 
the standard technology. The short-term mechanical 
properties of semifinished rod products fabricated from 
chips of the titanium alloys VT3-1, VT6 and Ti + 
2.5Al also were studied. The mechanical properties 
of the resulting semifinished products with respect to 
their mean values are lower than those stipulated in 
the technical specifications, which is attributable to the 
greater contamination of the chips of these alloys with 
oxides in comparison with industrial-grade titanium 
chips. Figures 3; references 4: 3 Russian, | Western. 


Ukraine: Features of Vacuum Dissociation of BN ~ 
Polycrystals Sintered in Shock Waves 

964D0065A Kiev POROSHKOVAYA 
METALLURGIYA 


in Russian No 3-4, Mar-Apr 95 (manuscript received 
9 Dec 93) pp 55-61 


[Article by B. V. Fenochka, V. 1. Kovtun, V. I. Trefilov, 
M. V. Karpets, V. K. Yulyugin, Institute of Problems 
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in Materials Science, National Academy of Sciences of 
Ukraine, Kiev; UDC 548.33} 


[FBIS Summary} Sintering in shock waves yields larger 
nitride polycrystals of sphalentc boron nitride with a 
unique substructure. These polycrystals are more resis- 
tant to cutting with hardened steels. The substructure 
is very stable, as the alterations occur on the electron 
level. Dissociation of sphaleritic boron nitride sintered 
in shock waves of various intensities is studied using 
Mass spectroscopy. Results are compared with the int- 
tial BN, powder, as well as with a sample sintered 
under static conditions. There 1s a correlation between 
dissociation pressure, crystallite size, and internal sec- 
ondary distortions. Boron nitride becomes more ther- 
mally stable due to stronger chemical bonds (due to a 
change in the degree of sp-hybridization) and because 
nitrogen diffusion becomes more difficult (due to a de- 
crease in the dimensions of crystallites and an increase 
in lattice distortions). Dissociation is suongly affected 
by the chemical reactions which occur at the interfaces 
of polycrystals. The entnalpy and free Gibbs energy are 
calculated for the dissociation process. Nitrogen diffu- 
sion processes are found to occur at higher temperatures 
and at a slower rate in BN,, polycrystals sintered in 
shock waves, resulting in better and more stable usage 
properties. Figures 3; table 1; references 15 (Russian) 


Ukraine: Interaction of Silicon Nitride and 
Carbides of Zirconium, Hafnium, and Lanthanum 
Hexaboride in the Hot Pressing of Powders 


964D0065B Kiev POROSHKOVAYA 
METALLURGIYA 

in Russian No 3-4, Mar-Apr 95 (manuscript recewed 
28 Dec 93) pp 66-70 


{Article by V. Ya. Petrovskiy, P. A. Verkhovodoy, A. | 
Kondrashev, Institute of Problems in Materials Science, 
National Academy of Sciences of Ukraine, Kiev; UDC 
621.762:669.018.45:661.55:661 .665:661.65) 


[FBIS Summary] The interaction of components in 
Si,N,-ZrC, Si,N,-HIC, and Si,N,-LaB, ts studied using 
X-ray spectroscopy. The samples were hot pressed 
in graphite molds from powder mixtures. This paper 
Studies the state of the contact between the SiN, 
particle and the dopant particle, the degree of diffusion 
of silicon atoms into the dopants, as wel! as metal 
atoms into the Si,N,. For the ZrC mixture, silicon 
and nitrogen diffuse into the ZrC forming the silicidic 
phase of zirconium, silicon carbide, and zirconium 
carbonitride. Some zirconium atoms are replaced with 
silicon atoms in the crystalline lattice of the latter 
Silicon carbide is formed in a similar manner in the 
other materials. In the HfC mixture hafnium is found 
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in the silicon nitride, and silicon and nivogen diffuse 
forming hafnium carbide, silicon carbide, and hafnium 
carbonitride. In the LaB, mixture, several silicidic 
phases of lanthanum are formed and probably boron 
nitride and free boron. Lanthanum diffuses into the 
Si,N,. Figures 2; table 1; references 10 (Russian). 


Ukraine: Effect of Geornetric Structural Parameters 
on the Durability Properties of Hard TiC Alloys 


964D0065C Kiev POROSHKOVAYA 
METALLURGIYA 

in Russian No 3-4, Mar-Apr 95 (manuscript received 
16 Dec 93) pp 82-84 


[Article by M. S. Kovalchenko, A. V. Laptev, V. 
V. Sverdel, N. A. Yurchuk, Institute of Problems i 
Materials Science, National Academy of Sciences i 
Ukraine, Kiev; UDC 621.762:669.018.25] 


[FBIS Summary] This paper studies the combined ef- 
fects of the average size and contact of carbide grains 
on durability in transverse bending and plastic destruc- 
tion of hard TiC alloys. Three alloys with different 
compositions were tested. The dependence of durability 
and geometric parameters on sintering temperature was 
studied. The maximum durability in transverse bend- 
ing is obtained at a liquid phase sintering temperature 
of 1350°C. Durability declines at higher sintering tem- 
peratures. At low liquid phase sintering temperatures 
hard Ti alloys with a nickle-molybdenum binder with 
fine disperse nickel experience a decrease in the aver- 
age size of carbide grains and the degree of contact. 
Durability is greatly affected by the degree of contact. 
A decrease, given a constant amount of binder, leads to 
an increase in durability and plastic destruction. Figure 
1; references 7: 3 Russian, 4 Western. 


Russia: Phase Transformations and Structural 
Change of Zirconium Under the Effect of Spherical 
Shock Waves 


964D0086A Yekaterinburg FIZIKA METALLOV I 
METALLOVEDENIYE in Russian Jun 95 Vol 79 No 6, 
pp 113-127 


[Article by Ye.A. Kozlov, B.V. Litvinov, Ye.A. Abak- 
shin, A.V. Dobromy>slov, N.I. Taluts, N.V. Kazantseva, 
and G.G. Taluts, Russian Federation Nuclear Center, 
All-Russian Scientific Research Institute of Engineering 
Physics, Snezhinsk, and Metal Physics Institute, Ural 
wepartment, Russian Academy of Sciences; manuscript 
received 9 Nov 94; UDC 669.296:536.42:534.222.2] 


{[FBIS Summary] The phase and structural states of 
two zirconium spheres were studied layer by layer 
after the spheres had been subjected to the load of 
spherical shock waves of different intensities. The two 
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spheres, which each had a radius of 24 mm, were 
made from zirconium that had been been obtained by 
vacuum remelting of zirconium iodide. Both spheres 
were placed into special sealed jackets that were made 
of type 12KhI8NI10T stainless steel and welded up in 
a vacuum of 10* Pa. The jacket around the first sphere 
was 11 inm thick, and that around the second sphere 
was 2-8 mm thick. Both spheres were subjected to 
the load of spherically converging detonation waves in 
systems with an explosive having an outer rads of 
40 mm. The experiments were repeated with different 
explosives and different thicknesses of the layer o! 
explosive as well as in the presence and absence of 4 
heavy jacket. The in tial pressures on the outer surfaces 
of the zirconium spheres exceeded 30 GPa, and in 
their centers, pressures and temperatures sufficient to 
fuse the zirc mium directing at the shock wave front 
were briefly reached. The conditions of the explosive 
loading process were designed so that (1) an a 

w transformation would occur throughout the entire 
bulk of sphere 1 and an w — (3 transformation would 
occur in its deepest layers; (2) both of the aforesaid 
transformations would occur in sphere 2 along with 
well-developed fusion of the zirconium directly in front 
of the convergent shock wave in the deepest layers of 
the sphere; and 3) both spheres would remain intact after 
having been loaded with pulses of various amplitude 
and duration so that they could then be studied by x- 
ray crystallographic analysis and optical and electron 
microscopy. The shock wave loading caused cavities 
to develop in both spheres. The cavity in sphere | 
had a radius of 9.25 mm and a volume of 3.3115 
cm’, whereas that in sphere 2 had a radius of 7.75 
mm and a volume of 1,950 cm’. Studies performed 
with a DRON-3 diffractometer, Neophot-2 microscope, 
and JEM-100C electron microscope established that an 
a — w transformation had indeed occurred in both 
spheres during the loading process. In the deeper layers 
of both spheres, w — and 3 — A transformations 
also occurred. The deeper the layer examined, the more 
significant the degree of deformation observed. After 
the load had been taken away, the w phase in sphere 
1 (the sphere subjected to the less intense shock wave) 
remained in a metastable state, whereas the w phase 
in sphere 2 (the sphere subjected to the more intense 
shock wave) disappeared. The absence of a w phase in 
sphere 2 was linked to the higher residual temperatures 
present in it. The trajectories of the change in the (7, P) 
coordinates of the states of Lagrangian particles located 
at various radii throughout the spheres were calculated 
for different loading conditions. A comparison of the 
characteristic features of the phase and structural states 
of both zirconium spheres with the calculated data made 
it possible to link the observed characteristic features 
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with the occurrence of a — w — (4 — L transformations 
and plastic deformation occurring directly during the 
process of the pulse effect. Figures 11; references 21: 3 
Russian, 18 Western 


Russia: Reasons and Mechanisms of Thermal 
Embrittlement and Corrosion Cracking of Complex 
Titanium a-Alloys 


964D0086B Yekaterinburg FIZIKA METALLOV | 
M:=TALLOVEDENIYE in Russian Jun 95 Vol 79 No 6, 
pp 150-158 


[Article by $.S. Ushkov, V.V. Rybin, I.N. Razuvayeva, 
Ye.V. Nesterova, and O.A. Gunbina, Prometey Central 
Scientific Research Institute of Building Materials, St. 
Petersburg; manuscript received 18 May 94; received 
17 October 94; UDC 669.295:539.56:620.194.2] 


[FBIS Summary] A study examined the effect of aging 
at 500°C on the mechanical and corrosion-mechanical 
properties of titanium @ alloys with a Ti plus 6 percent 
Al base and zirconium and carbon dopants. The studies 
were performed on 10-kg ingots that had been produced 
by double vacuum-arc remelting into 40 x 40-mm bil- 
lets at 1,150-1,200°C. Some of the study specimens con- 
sisted of Ti plus 6 percent Al and either 6 percent zirco- 
nium or 0.1 percent carbon, while others contained both 
6 percent zirconium and 0.1 percent carbon simultane- 
ously. The billets were then forged into 12-mm-diameter 
and 18-mm-diameter bars at 950°C thai were in turn 
quench-hardened in water beginning at 900°C and then 
aged for 10 and 100 hours with air cooling. After the 
bars had been subjected to heat treatment, series of sam- 
ples were cut from each bar and subjected to a variety of 
tests (including tension and bend tests and tests to deter- 
mine their low-cycle durability in air and in a 1 percent 
HCI solution). A Neophot optical microscope was used 
to study the specimens’ microstructure, and JEM-120 
and EM-400T transmission electron microscopes were 
used to study their fine structure. The studies established 
that two different processes with different kinetics had 
occurred in the study specimens: the first was a process 
of formaticn of grain boundary precipitates of the in- 
termetallide Ti,(Fe, Ni) corresponding to a decrease in 
ductility, and the second was a process of homogeneous 
disintegration of the Ti-Al solution corresponding to a 
decrease in corrosion-mechanical properties. Aging af- 
fected the different study alloys differently. The thermal 
embrittlement experienced by the binary alloy consist- 
ing of titanium and 6 percent aluminum when it was 
held at temperatures of 400-600°C was not accompa- 
mied by a decrease in corrosion-mechanical strength and 
was of the same nature as the thermal embrittlement 
of low-alloy ttanium a alloys (1.e., it was the result 
of a decrease in the cohesion strength of the alloy’s 
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grain boundaries as a result of segregation of the Fe 
and Ni impurities and subsequent precipitation of parti- 
cles of the intermetallide Ti,(Fe, Ni)). After having been 
held at 400-600°C, the Ti-Al alloys containing either 
0.1 percent carbon or 6 percent zirconium underwent 
both thermal embrittlement and a decrease in corrosion- 
mechanical strength. The two correlated effects differed 
from one another, however, in that the first was due 
to a redistribution of the Fe and Ni impurities between 
the grain bodies and boundaries whereas the second de- 
veloped in accordance with the mechanism of the early 
Stages of homogeneous disintegration of te solid Ti-Al 
solution. Differentiation of the mechanisms responsible 
for the decrease in ductility (and impact strength) of 
the said alloys and their cyclic durability in a corro- 
sive medium is consistent with established differences 
in the kinetics of the occurrence of both processes. In 
the case of the Ti-Al alloy doped with both 0.1 percent 
carbon and 6 percent zirconium, combined doping in- 
tensified the effect of the processes of decomposition of 
the solid Ti-Al solution on the study specimens’ ductil- 
ity and corrosion-mechanical strength characteristics. In 
the specimens of the said alloy, thermal embrittlement 
proved equally responsible for the processes occurring 
at the grain boundaries (segregation of Fe and Ni and 
precipitation of intermetallide particles) and processes 
of homogeneous disintegration of the Ti-Al solid solu- 
tion. Figures 6; references 14: 8 Russian, 6 Western. 


Russia: Mechanical Properties of Welded Joints of 
Alloy VT23 After Multiple Electron Beam Heating 


964D0266A Moscow METALLOVEDENIYE I 
TERMICHESKAYA OBRABOTKA METALLOV 
in Russian Sep 95 No 9, pp 5-7 


[Article by V. S. Lyasotskaya, S. 1. Knyazeva and Yu. 
T. Lysenkov, Moscow Aviation Technology Institute 
and Novosibirsk Institute of Aviation Technology, UDC 
621.9.048.7:669.295.5] 


[FBIS Summary] Welded joints of high-strength tta- 
nium alloys are characterized by poor seam properties 
and thermal influence zones (TIZ). An improvement in 
these properties, especially the thermal influence zones, 
is possible by use of thermal processing. The latter, 
when using standard procedures, improves the proper- 
ties of the welded joints, but the seams and thermal in- 
fluence zones usually have reduced mechanical charac- 
teristics in comparison with the basic meial and remain 
the most dangerous sectors of welded joints. Successful 
efforts in overcoming these difficulties are described. 
Emphasis is on research on the influence of electron 
beam thermocyclic processing (TCP) on the structure 
and properties of compounds of the alloy VT23 (per- 
centages: Al — 5.1, V — 4.6, Mo — 2.0, Cr — 1.1, 
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Fe — 0.6). Welded seams and TIZ were heated by an 
electronic beam at a rate 1-2.5°/s to temperatures cor- 
responding to the (a + /3)- and /3-states of the alloy. 
Cooling from an upper step of the TCP to a lower tem- 
perature step was at a rate 1-3°/C. The TCP, which 
included 5 cycles, was carried out using 3 schemes. 
TCP with superheating in the /#-region (Ac, + 50°C) 
and two-stage cooling in the (a + /)-region ensure not 
only an improvement in mechanical properties (espe- 
cially impact strength), but also a considerable decrease 
in the nonuniformity of the structure and properties of 
welded joints of the VT23 alloy, which indicates that 
such processing should be introduced. Electron beam 
heating during thermocyclic processing in the (a + (3)- 
region (5 thermocycles), in combination with two-stage 
processing, results in an improvement in the plasticity 
characteristics of welded joints of the alloy VT23 due 
to spheroidization of the a-phase and can be used for 
welded joints for which superheating to the temperatures 
of the J-region is inadmissible. Figure 1; references: 7 
Russian. 


Russia: Hardenability of Aluminum-Lithium Alloys 


964D0266B Moscow METALLOVEDENIYE I 
TERMICHESKAYA OBRABOTKA METALLOV 
in Russian Sep 95 No 9, pp 26-30 


[Article by G. L. Shneyder and A. M. Drits, All- 
Russian Light Alloys Institute Joint-Stock Company; 
UDC 669.718.5°884] 


{(FBIS Summary] The number of aluminum-lithium 
alloys is considerably increasing, but in ascertaining 
the purposes for which they are to be used data on the 
stability of the solid solution and hardenability are not 
always taken into account. The most common error is 
the use of an alloy with a low solid solution stability 
for fabricating thick-walled semifinished items, such as 
large forgings of a complex configuration. In such cases 
“dark spots” appear on the surface of massive elements, 
whereas zones of incomplete hardening, reducing the 
characteristics of static and cyclic resistance to cracks, 
appear in the central part. The problems involved in 
hardenability of Al-Li alloys are therefore discussed 
in detail. A decrease in the Mg/Li ratio in alloys of 
the Al-Mg-Li system, Cu/Li in alloys of the Al-Cu- 
Li system, as well as CwLi and Cu/Mg in alloys of 
the Al-Li-Cu-Mg system, increases the stability of the 
solid solution and hardenability, which is attributable to 
a change in the solubility of the principal components in 
it. Scandium increases the stability of the solid solution 
and the hardenability of alloys containing lithium by 
means of a change in the Mg/Li and Cu/Li ratios in the 


MATERIALS SCIENCE 





FBIS-UST-96-006 
28 February 1996 


solid solution. With respect to the sequence of decrease 
in the stability of the solid solution and hardenability, 
aluminum-lithium alloys can be arranged in the series: 
1470, 1421, 1420, 1460, 1450, 1440, 1430. An increase 
in the rate of cooling during hardening increases the 
tendency to corrosive cracking of aluminum-lithium 
alloys, which dictates restrictions not only on the lower, 
but also on the upper limits of the cooling rate. Figures 
4; references 14: 13 Russian, | Western. 


Russia: Influence of Aluminum on Stability of /3- 
Phase in 3-Titanium Alloys 


964D0266C Moscow METALLOVEDENIYE 1 
TERMICHESKAYA OBRABOTKA METALLOV 
in Russian Sep 95 No 9, pp 30-35 


{Article by V. N. Moiseyev and A. I. Antipov, All- 
Russian Institute for Aircraft Building Materials; UDC 
669.295°71] 


iFBIS Summary] A new stage is beginning 1n the 
development of /-titanium alloys. For many years 
attempts at developing a universal industrial ,J-utanium 
alloy were unsuccessful. These ,J alloys are now used 
on a limited basis, although a great many such alloying 
systems have been studied. Researchers now have 
a uniform opinion concerning the influence of 3- 
Stabilizers and “neutral” strengthening elements on the 
properties and structure of ,3-titanium alloys, but this 
cannot be said of the influence of aluminum. Many 
researchers feel that in /J-titanium alloys the Al content 
must not exceed 3 percent, but there has been no 
validation for stipulating such an Al content in alloys. 
A study was therefore made of the influence of the 
Al content on the stability of the ,j-phase and some 
considerations on the alloying of ,j-tttanium alloys are 
outlined. The presence of aluminum in .j-titantum alloys 
requires their additional alloying with a ,3-stabilizer in 
order that the alloys harden into a “pure” ,j-phase, that 
is, aluminum in the case of hardening of (3-titanium 
alloys in water is a a-stabilizer. In the presence of 
aluminum in /-titanium alloys the hardened /J-phase 1s 
more stable in the ageing process at low temperatures 
(300-600°C). At higher ageing temperatures [t_ = T,® 
T,, - (200-300)°C} (p.t. = polymorphous transformation 
point), when the overcooled /j-phase breaks down 
without intermediate transformations, aluminum exerts 
no significant influence on the stability of this phase 
In selecting hardening modes for thermal processing 
of J-titantum alloys it must be taken into account 
that aluminum increases the T_, level and the C-curve 
“hose” (ageing temperature ) Figures 4: references 15 
5 Russian, 10 Western. 
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Russia: Ceramic Composite Materials With SiC 
Fibers 


964D0077A Moscow OGNEUPORY in Russian 
Aug 95 No 8, pp 3-6 


iArticle by A. V. Galakhov, G. A. Pankov, G. A. Fom- 
ina, Moscow State Aviation Technological University; 
UDC 666.3-16+666.762.852-494] 


([FBIS Summary] Composite materials with a ceramic 
matrix, in particular materials with oxide matrices ar- 
mored with silicon carbide fibers, are currently of great 
interest. This paper presents information on two ceramic 
composite materials: cordierite with continuous Nikalon 
SiC fibers, and composites with mullite matrices, AL,O,, 
ALO,-ZrO, reinforced with discrete fiber-like SiC crys- 
tals (8 percent). Samples were sintered in air with no 
pressure applied at 1390°C. The samples had a durability 
of 100-128 MPa. A higher sintering temperature yielded 
a lower durability. The matrix alone had a durability of 
96-104 MPa regardless of sintering temperature. Thus, 
armoring does increase durability. The interaction of 
matrix and fiber is studied. Hot pressing of the mate- 
rial yielded a composite with a durability of 180 MPa. 
When fiber-like SiC crystals comprised 12 percent of 
the sampies and hot pressing was used (1500°C and 20 
MPa for | hour) the average durability was 460 MPa. 
Samples with an Al,O,-ZrO, matrix had an even higher 
durability (S8Q0 MPa). The mullite matrix had a durabil- 
ity of 420 MPa. The hot pressing temperature used here, 
150-250°C, was lower than is typically used, yet the re- 
sultant durability is comparable with values obtained by 
other researchers at higher temperatures. Figures 2; ref- 
erences 7: 3 Russian, 4 Western. 


Russia: Physical-Mechanical Characteristics of 
Ultrahard Polycrystalline Materials 


9641D0077B Moscow OGNEUPORY in Pussian 
Sep 95 No 9, pp 2-5 


[Article by V. S. Neshpor, G. P. Zaytsev, L. Ya. Slav- 
ina, A. N. Nigevskiy, V. V. Treskovskiy, A. V. Nesh- 
por, S. §. Ordanyan, lich Abrasives Factory, Abra- 
sives and Polishes Joint Stock Company, Institute of 
Durability Problems, Ukrainian Academy of Sciences, 
St. Petersburg Technological Institute; UDC 666.3- 
13.017:620.17] 


([FBIS Summary] This paper summarizes the results 
of an experimental study of the hardness, elasticity, 
and plastic destruction of light ultrahard polycrystalline 
single-phase ceramic materials (B,C, CaB,, BN, AIB.,,, 
AIN), composite ceramic materials based on corundum 
(from 99 to 78 percent Al,O,), and composite ceramic 
materials based on B,C in B-C-Al and B-C-S1-Al 
systems. Tables give the results of testing for the single- 
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phase ceramic materials for elasticity and durability, 
as well as hardness and plastic destruction in internal 
friction for oxide ceramic materials based on ALQO,,. 
Compounds with better than 95 percent ALO, performed 
worse than pure polycrystalline corundum, but had a 
lower sintering temperature. Compounds with less than 
90 percent ALO, had a lower hardness. A Rockwell 
hardness rating of the tested materials is given in a 
graph. The properties of compounds in the B-C-Al and 
B-C-Si-Al systems depend greatly on aluminum content. 
As aluminum content decreases and is replaced by 
hard borocarbide phases, hardness increases. Annealing 
increases the Rockwell hardness values. There is an 
approximate linear correlation of Rockwell hardness and 
the rate of propagation of longitudinal elastic vibrations. 
In the B-C-Al system compounds with a low aluminum 
content perform as well as heavier ceramic materials 
based on corundum and silicon carbide in their ability 
to absorb and diffuse ballistic impact energy. Figures 3; 
tables 3; references 8: 4 Russian, 4 Western. 


Russia: Silicon Carbide Products To Line Reactors 
for Aluminum Chloride Production 


964D0077C Moscow OGNEUPORY in Russian 
Sep 95 No 9, pp 15-17 


[Article by R. M. Fedoruk, N. V. Pitak, L. K. savina, 
Ukrainian Scientific Research Institute of Refractory; 
UDC 666.762.854] 


([FBIS Summary] Aluminum chloride is an extremely 
important catalyst used in the chemical and petrochem- 
ical industry. The procedure for obtaining aluminum 
chloride is outlined. Refractory materials that can with- 
stand the effect of molten aluminum, as well as gaseous 
chlorine and aluminum chloride to a temperature of up 
to 900° are used to line the metal reactor vessel used 
to produce aluminum chloride. Imported silicon car- 
bide refractory materials with a silicon nitride binder 
are used for reactor linings. This paper presents the re- 
sults of studies to develop a technology for producing 
silicon carbide refractory materials with a silicon ni- 
tride binder and to manufacture these materials to line 
reactors for the production of aluminum chloride. Sam- 
ples were made of silicon carbide with a 20-35 perceni 
mixture of crystalline silicon and silicon carbide. Ad- 
dition of 0.2-0.4 percent monoethanolamine increased 
durability by a factor of 1.5. Increasing the amount of 
crystalline silicon from 20 to 35 percent increased qual- 
ity (by reducing porosity and increasing durability). The 
presence of oxygen during annealing in a nitrogen at- 
mosphere worsened quality (by increasing porosity and 
decreasing durability and apparent density). Increasing 
the nitrogen pressure had a substantial positive effect on 
quality. Nitrogen annealing pressure should be no lower 
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than | kPa. Increasing the holding time during anneal- 
ing from 4 to 16 hours (at 1450°C) increases quality. 
Increasing temperature had no effect. A sample set of 
refractory materials were made and are being used in 
aluminum chloride production. Figures 4; table 1; ref- 
erences 3 (Russian). 


Russia: Fractal Analysis of Fractures of Aluminum 
Alloy 01450T 


964D0158A Moscow METALLOVEDENIYE I 
TERMICHESKAYA OBRABOTKA METALLOV 
in Russian Aug 95 No 8, pp 20-24 


[Article by L. R. Botvina, I. B. Oparina, V. G. 
Buduyeva, V N. Shabalina; UDC 620.184 .6:669.715] 


[FBIS Summary] The concept of fractals can be applied 
to the accumulation fo damage leading to fractures 
and fatigue in materials. This paper evaluates the 
fractal dimension of destruction surfaces of samples 
of aluminum alloy 01450T tested for cyclic and static 
stress. Methods used to evaluate the fractal dimension 
of fractures are described. The fractal dimension during 
these types of stress varies from 1.06 to 1.36. There is 
a link between the fatigue curve and the dependence 
of fractal dimension on the amplitude of stress. As the 
stress amplitude increases and the number of loading 
cycles decreases the roughness of fractures and the 
fractal dimension increase. A link is found between 
the maximum coefficient of stress intensity and fractal 
dimension (exponential function). Figures 7; references 
18: 4 Russian, 14 Western. 


Russia: Composite Materials With a Metal Matrix 
and Ceramic Porous Filler 


964D0158B Moscow METALLOVEL -NIYE I 
TERMICHESKAYA OBRABOTKA Mi *’ LOV 
in Russian Aug 95 No 8, pp 25-28 


[Article by V. I. Bakarinova, V. K. . ortnoy, A. A. 
Baykov; A. A. Baykov Institute of Metallurgy, Russian 
Academy of Sciences, Moscow Institute of Steels and 
Alloys; UDC 669.715.018.9:621.763} 


[FBIS Summary] A new trend in the development of 
composite materials with a metal matrix is the use 
of hollow spherical particles as a filler. These are 
hollow microspheres of organic or inorganic compounds 
which form a disperse powder consisting of thin-walled 
closed gas-filled shells tens to hundreds of microns 
in diameter. Aluminum alloys are typically used for 
the metal matrix. This paper develops a technology to 
obtain composite maierials with an aluminum matrix 
and porous corundum particles without destroying them 
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and insuring a uniform distribution in the matrix. The 
maximum compression possible of the particles is 7 
to 10 N/mm’. The method uses a powder metallurgy 
method with mixing and hot pressing. The hot pressing 
technique incorporates sintering unde: pressure and 
contact-reactive interaction. Hot pressing lasts 5-35 
minutes with a specific pressure of 4-46 MPa The 
density of the resultant samples varies from 1.4 to 2.6 g/ 
cm’. The results of mechanical sess testing are given 
Thermal processing improved the mechanical properties 
of the samples. Samples with 30 percent filler performed 
better than those with 40 or SO percent filler without or 
without thermal processing. The maximum yield stress 
is 130 N/mm’, or 180 N/mm* after thermal processing 
Figures 5; tables 4; references &: 6 Russian, 2 Western 


Russia: Comparing the Composition and Properties 
of Titanium Alloys Based on Molybdenum and 
Aluminum Equivalents 

964D0066A Moscow METALLY in Russian 

No 4, Jul-Aug 9S pp 68-76 


[Article by B.A. Kolachev and DV 
Moscow; manuscript received 24 Dec 93; 
669.2955'29226.004. 12] 


Ryndenkov, 
UDC 


(FBIS Summary] Titanium alloys manufactured in Rus- 
sia, the United States, Europe, Japan, and China were 
compared via graphs plotted with respect to the coordi- 
nates aluminum equivalent and molybdenum equivalent 
The estimates of molybdenum equivalence were based 
on the assumption that | percent (by weight) molyhde- 
num corresponds to the following (percent by weight) 
Ta, 4; Nb, 3.3, W, 2.0; V, 1.4; Cr, 0.6, Mn, 0.6; Fe, 0.5; 
and Ni, 0.8. It was determined that within a compara- 
tively narrow interval of molybdenum equivalents, the 
dependence of the strength properties of a alloys and 
pseudo-n alloys at room temperature on the aluminum 
equivalent may be described by the following regression 
equauon: o,, MPa = 326 + 60[Al],, (r= 0.982, P= 0.95, 
S = 1,062). Given comparable values with respect to the 
aluminum equivalent, the maximum strength properties 
of titanium alloys in an annealed state were observed 
in the case of a molybdenum equivalent of 10-11 per- 
cent, whereas the maximum strength properties of tita- 
nium alloys in an aged state was observed in the case 
of a moiybdenum equivalent of 11-13 percent. A table 
is presented that lists the molybdenum and aluminum 
equivalents for titanium a alloys and pseudo-a alloys 
in 78 different chemical formulas as well as the designa- 
tors of Russian, European, and US. alloys correspond- 
ing to selected chemical formulas. Figures 4, tables 2. 
references 9: 4 Russian, 6 Western 
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Russia: Structural Stability of Quenched Ti-Nb-Al 
Alloys Upon Heating 

964D0066B Moscow METALLY in Russian 

No 4, Jul-Aug 95 pp 77-80 


[Arucle by L.A. Matlakhova, $.G. Fedotov, and V.V. 
Molokanov, Moscow; manuscript received 8 Apr 94; 
UDC 669.2955°293°71}] 


{[FBIS Summary] A study examined the effects of 


heating on the properties and structure of quenched 
alloys consisung of ttanium, 15-40 percent (by weight) 
mobium, and 2 percent (by weight) aluminum. The 
alloys were prepared from titanium iodide with a purity 
of 99.9 percent, niobium that had been obtained by 
electron-beam melting and that had a punty of 99.8 
percent, and aluminum with a purity of 99.99 percent. 
The alloys were produced by a process of melting in 
an arc furnace during which the material was remelted 
five times. The ingots were homogenized in evacuated 
quartz vials and were then formed into rods (diameter, 
7-8 mm) by a hot forging process that included heating 
to 1,.200°C before the deformation followed by turning 
on a lathe. The study specimens were then subjected to 
final heat treatment in evacuated quartz vials at 1,000°C 
for S hours and quench-hardening from the single-phase 
4 region in water. The temperature dependences of 
the norma! elasticity modulus [EF], shear modulus [G}, 
and logarithmic decrement [Q'] of study specimens 
with different structures after quenching, i.¢., a’(a"’), 
a’ +39, and J, were determined by the dynamic 
resonance method on an Elastomat unit at normal 
temperature and during the process of heating at a rate 
of 2°C/min. The measurement error did not exceed 
1.0 percent. It was discovered that as the heating 
temperature is increased, processes of a disintegration of 
ine metastable structure in the direction of establishment 
of equilibrium and internal friction increase in tie phase 
transformation interval. Among the specific findings 
were the following: When specimens of Ti-15Nb-2Al 
having an a'(a@’") structure in their initial quenched 
state were heated, their measured values for E and 
G dropped from 74,740 and 28,280 MPa respectively 
at 20°C to 58,000 and 19,000 MPa at 650°C. Upon 
further heating, their elastic characteristics began to 
increase. Their internal fricuon changed only slightly 
in the range of existence of the a’ phase but increased 
sharply by a factor of 4-6 (to 60 x 10%) during the 
a — J transformation. The alloy Ti-34Nb-2Al, which 
has an a’ + (9) structure, had initial values for F 
and G of 77,560 and 28,010 MPa respectively. Upon 
heating, the said values decreased, reaching their lowest 
point at 200°C. At temperatures between 200 and 
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400°C, the values measured for the internal fricuon 
[Q'] of the Ti-34Nb-2Al specimens were anomalously 
high and were attributed to a reversible a’ — J 
transformation and subsequent decay of the metastable 
3 phase in the direction of formation of more balanced 
structures with stratification of segments that were 
poor and rich in alloy-forming elements. Beginning at 
560°C, an increase in Y' to 40 x 10* was recorded 
that was attributed to transformation of the a phase 
that had formed into a stable .J phase and that was 
not accompanied by any significant temperature-related 
change in elasticity modulus. The alloy Ti-40Nb-2Al, 
which had a starting ,j_. structure, had an initial internal 
fricuon of G@ = 2-3 x 10% that increased to 28-31 x 10 
‘in the temperature interval from 300 to 450°C and 
that equaled 23-24 x 10% at 650-700 C. The alloys 
measured values of & and G rose sharply as soon as 
it was heated from room temperature to 300-400°C and 
then remained virtually unchanged until a temperature 
of 600°C was reached, at which point the measured 
values of both moduli decreased slightly. The study 
results were recommended for use in tailoring heat 
treatment processes to produce Ti-Nb-Al alloys with 
opumum elasticity and shear moduli and logarithmic 
decrements. Figures 4; references 4 (Russian) 


Russia: Simulation Studies of the Effect of Plasma 
Disruptions on the Susceptibility of the Low- 
Activation Alloy Ti-V-Cr to Damage 


964D0060C Moscow METALLY in Russian 
No 4, Jul-Aug 95 pp 86-92 


[Article by LI. Gomozov, MI. Guseva, A.N 
Mansurova, N.P. Aparina, and V.I. Vasilyev, Moscow; 
manuscript received 6 Feb 95; UDC 621.039.531) 


[FBIS Summary] A study examined the erosion and 
changes in structure, chemical composition, and me- 
chanical properties of the low-activation alloy consisting 
of 69.6 percent (by weight) utanium, 24.0 perceat vana- 
dium, and 6.4 percent chromium [Ti-V-Cr] when it 1s 
irradiated with strong pulse flows of hydrogen plasma. 
The Ti-V-Cr alloy was manufactured from ttanium 1o- 
dide by the method of argon arc melting, type VNM- 
1 vanadium, and electrolyuc chromium. Study speci- 
mens in the form of sheets were examined in a recrys- 
tallized state (after rolling and annealing at 900°C for 
i hour). To simulate the effects of plasma disruptions, 
the study specimens were irradiated with hydrogen plas- 
moids generated by an MK-200 clectrodynamic pulse 
accelerator. The plasmoids’ energy density was varied 
from 27.5 to SO J/cm per pulse, the number of pulses 
was varied from & to 15, and each pulse lasted SO js 
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The ¢irected energy of the H* ions reached approxi- 
mately | keV, and the flow diameter equaled approxi- 
mately 20 cm. Each study specimen measured approx- 
imately 10 x 20 x | mm. A JSM-35 scanning electron 
microscope was used to study the structure of the mate- 
rials, and an Auger electron spectroscope and Camebax 
unit were used to study the targets’ chemical compo- 
sition. The changes in the study specimens’ mechani- 
cal properties were determined by their microhardness 
as measured on a PMT-3 under different loads by the 
Wickers method. Samples of pure vanadium were stud- 
ied for the sake of comparison. The nature and degree of 
damage sustained by the materials were dictated both by 
the total energy density of the plasmoids and the energy 
density of the plasmoids in one pulse. At a plasmoid 
energy of approximately 27.5 J/cm’ on a target's sur- 
face, swelling of the grain boundaries and cracks along 
the grain boundaries were observed, with the number 
of cracks and swollen grain boundaries increasing as 
the number of pulses increased. Increasing the pulse 
energy density to 42.5 J/cm’ while keeping the total en- 
ergy density of the pulses virtually unchanged resulted 
in a sharp increase in damage sustained by the study 
specimens’ surfaces in the form of peeling, crumbling, 
spalling, cracking, and even vitrification on isolated sec- 
tions of the surface. When the energy density in a pulse 
was relatively low (27.5 J/cm’), even increasing the av- 
erage total energy of the plasmoids to 412 J/cm’ did 
not cause the degree of surface damage observed with 
a pulse energy density of 42.5 J/cm’. The nonuniform 
nature of the change in the structure of the various seg- 
ments of the surface of the individual study specimens 
was linked to the nonuniform distribution of the den- 
sity of the ion flow in the plasmoid. The cracking and 
peeling of the material were attributed to the embrittling 
effect of the hydrogen and to the decrease in ductility 
and resilience of the alloy and pure material that oc- 
curred as interstitial impurities were absorbed during 
the irradiation process. Increasing the plasmoid energy 
density to 50 J/cm’ with a total average energy density 
of 500 J/cm’ per 10 pulses resulted in complete vitrifi- 
cation of the surface and the formation of a network of 
cracks. A. comparison of the values recorded for the mi- 
crohardness of the study specimens’ surfaces before and 
after the hydrogen plasma treatment did not reveal any 
systematic differences in the microhardness of the irra- 
diated and nonirradiated sides of the target. The absence 
of differences in the recorded microhardness values led 


* to the conclusion that pulsed irradiation has a screening 


effect that results in the formation of a very thin ( 1 um) 
but strong brittle layer on the study specimens’ surface 
that was linked to strong absorption of interstitial im- 
purities by the vanadium and titanium. Figures 3, tables 
3, references 18: 9 Russian, 10 Western. 
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Russia: Accumulation of Implanted Hydrogen in 
Titanium 


964D0066D Moscow METALLY in Russian 
No 4, Jul-Aug 95 pp 148-16] 


[Article by V.L. Arbuzov, V.B. Vykhodets, and G.A. 
Raspopova, Yekaterinburg; manuscript received 6 Feb 
95; UDC 621.039.53:669.787] 


{FBIS Summary] The literature on accumulation of im- 
planted hydrogen in titanium was reviewed. Special at- 
tention was paid to the results of research on the ac- 
cumulation and distribution of implanted hydrogen in 
titanium produced by thermal desorption and nuclear 
reactions. Possible types of trapping sites for hydrogen 
atoms were discussed along with the nature of the in- 
teraction of hydrogen with radiation-initiated defects. 
Among the review's major conclusions were the fol- 
lowing: A systematic study of thermal desorption of 
ion-implanted deuterium trom bulk specimens and thin 
films of titanium established that the structure of thermal 
desorption spectra is a function of the irradiation dose 
(1 x 10'*-1 x 10'*/cm?) and temperature (100 and 330 
K). Nuclear microanalysis-hased methods have yielded 
information about the amount and distribution of im- 
planted hydrogen based on the interaction of the inci- 
dent radiation with the nuclei of the hydrogen atoms. 
Under conditions of steady irradiation, the rate of spon- 
taneous desorption of implanted hydrogen will depend 
on the irradiation temperature and dose: The higher the 
irradiation dose and the lower the target temperature, 
the higher the rate of spontaneous desorption. Numer- 
ous studies of the accumulation of implanted hydrogen 
in titanium have demonstrated that before the implan- 
tation of specific doses that are dependent on the tem- 
perature and other conditions of implantation, the coef- 
ficient of implantation remains rather high. When creat- 
ing a model of the saturation of metals with implanted 
hydrogen, it is virtually impossible to take all of the 
diverse factors affecting the process into account. N_P. 
Katrich, however, developed a model in 1967 that gives 
consideration to the main factors (implantation tempera- 
ture, level of saturation coefficients, and dynamics of the 
change in the said coefficient for a specific group of met- 
als) and that was confirmed 13 years later to be valid for 
titanium. Despite the fact that Katrich’s model fails to 
make allowance for the development of hydrogen blis- 
tering at high implantation doses, fails to explain the ex- 
istence of critical implantation doses, and does not con- 
sider implantation of hydrogen at temperatures signifi- 
cantly above room temperature or the interaction of the 
implant with radiation-induced defects, it still “works” 
rather successfully and has been confirmed by numer- 
ous studies of the formation of hydrides in titanium im- 
planted with ions of hydrogen isotopes. Studies of such 
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aspects of the accumulation of implanted hydrogen in 
litanium as the effects of implantation temperature and 
dose and the interaction of hydrogen with radiation- 
induced defects have established that the following may 
be considered characteristic features of the process of 
implantation of hydrogen in titanium: high (sometimes 
nearly 100 percent) coefficient of capture of ions of 
hydrogen isotopes by titanium over a wide range of 
implantation temperatures and doses; formation of tita- 
nium hydrides (deuterides) in cases of low-temperature 
high-dose implantation; and anomalously rapid redistri- 
bution of hydrogen into the body of the titanium target 
alt near-room temperatures. Among the aspects of the 
accumulation of implanted hydrogen that have not been 
researched sufficiently are the following: the degree of 
effect that the target's freedom from interstitial impu- 
rities has on the effect of accumulation of hydrogen in 
the zone of the projective range of the implanted ions; 
the effect of the various types of implantation-induced 
defects on the distribution of implanted hydrogen; and 
the nature of radiation-accelerated diffusion of hydro- 
gen in titanium at near-room temperatures. Figures 3, 
tables 4; references 55: 20 Russian, 35 Western. 


Ukraine: Experimental Determination of Interphase 
Stress at the Liquid Titanium-Slag Boundary 


964D0159A Kiev AVTOMATICHESKAYA SVARKA 
in Russian Oct 95 No 10, pp 44-45, 56] 


[Article by Vitaliy Petrovich Boyko, Kiev Polytech- 
nic Institute, Ukrainian National Technical University; 
UDC 621.791:669.295:541.12.012.5:532.6] 


[FBIS Summary} An experimental high-temperature 
unit that makes it possible to heat and melt stud@ 
materials in a controlled gas atmosphere and film the 
ensuing processes was used to experimentally determine 
the stress existing at a liquid titanium-slag interface. The 
experimental unit was an electric resistance furnace with 
a horizontal graphite tube heater powered by a TDF- 
1001 welding transformer. A protective argon medium 
was created and maintained in the furnace’s melting 
space after it had first been purified by passing it through 
silica gel and through titanium shavings that had been 
heated to 1,000-1,200°C. Flux (ANT-23A flux) or flux 
components in paste form (SO g powder per 100 g 
alcohol) were applied to the end of a cleaned and 
degreased 4-mm-diameter bar of VT1-00S commercial- 
grade titanium. The weight of the flux amounted to 5- 
10 percent the weight of the flux-coated bar so that the 
weight, density, and surface stress of the slag would 
not noticeably affect the precision of the calculation 
of interface stress. After the flux-coated bar had been 
prepared and dried, air was fed through the tube and 
into the furnace’s melting space after a temperature 
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of 1,750°C had been reached in the space. The bar 
was mounted in a vertical position so that its lower 
end was in the zone of maximum heating. The end of 
the bar melted, resulting in the formation of a metal 
drop that was evenly coated with a thin layer of slag. 
The process of the drop’s formation and separation was 
filmed through a view hole made of heat-resistant glass. 
The stress of the molten titanium at the liquid titanium- 
Slag interface was then successfully recorded by two 
methods: by determining the weight of the separated 
drop and by the hanging (pendant) drop method based 
on the drop’s size (as determined from its filmed image) 
no less than 0.05 seconds before it separated. The stress 
at the liquid titanium-slag interface was determined to 
be less than the surface stress of liquid commercial- 
grade titanium, which equals 1,521 +/- 35 MJ/m?. The 
interface stress values obtained for the study flux/flux 
components were as follows (MJ/m?): NaF, 737.5 +/- 
17.5; LiF, 751.0 +/- 21.0; CaF,, 901.2 +/- 24.2 ; SrF,, 
1,165 +/-23.0; and ANT-23A, 877.0 +/- 19.5. The new 
method of determining interface stress was said to be 
Suitable for use in studying the melting of activated 
welding wires containing a flux filler. Figures 2, table 
1; references 5: 4 Russian, | Western. 


Russia: Shearing Strength of Metals Behind Shock 
Wave Front 


964D0269A Tomsk IZVESTIYA VYSSHIKH 
UCHEBNYKH ZAVEDENIY: FIZIKA in Russian 
Oct 95 No 10, (manuscript received 24 Jan 95) 
pp 62-66 


[Article by V. A. Skripnyak and A. I. Potekayev, Tomsk 
State University and Siberian Physical Technical Insti- 
tute imeni V. D. Kuznetsov at Tomsk State University; 
UDC 539.3} 


[FBIS Summary] The character of shearing stresses be- 
hind shock wave fronts continues to be debated. Un- 
der the influence of shock waves solids are transformed 
into a state with a high internal energy. It is not at all 
clear how many parameters change behind the shock 
wave front where the material is exposed to high hy- 
drostatic pressures. Measurements with pressure sensors 
are encumbered by errors and it has been impossible 
to draw unambiguous conclusions concerning the inten- 
sity of the shearing stresses. The results of numerical 
modeling of experiments with additional impact load- 
ing of aluminum and polycrystalline beryllium, carried 
out by J. Lipkin, R. Asay, J. L. Wise and L. §. Chabil- 
das, are presented [the pertinent American sources are 
cited.] Reproduction of the impact impulses in compu- 
tations of experimental structures made it possible to 
determine the stresses operative in the materials during 
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impact loading and additional loading, as well as to in- 
vestigate the dynamics of additional impact loading. It 
was found that resistance to plastic deformations persists 
behind the front of weak shock waves with an intensity 
up to 10 GPa. The shearing strength behind the shock 
wave front does not correspond to the shearing stresses 
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at the Hugionot elastic limit. For the aluminum alloy 
6061-T6 and beryllium the shearing strength behind the 
front of shock waves with amplitudes up to 10 GPa is 
lower than in the elastic precursor, but exceeds the static 
yield stress of the material in the initial state. Figures 
4; references 17: 12 Russian, 5 Western. 
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Russia: Trends in Construction of Wind-Powered 
Energy Equipment 


95S7AI1109A Moscow ENERGETICHESKOYE 
STROITELSTVO in Russian Oct 94 No 10, pp 14-24 


[Article by M. I. Balzannikov, candidate of technical 
sciences, Samara Architectural Construction Institute} 


([FBIS Translated Text] Currently many scientists of the 
world, including in our country, acknol wedge that using 
wind energy is a very promising area in development of 
the power industry. It is the development of wind power 
combined with other facilities that operate on renewable 
energy sources that offers the opportunity for improving 
mankind's standard of living without detriment to his 
habitat. 


A considerabie obstacle to wide-scale construction and 
operation of wind-turbine generators (WTGs) is the high 
cost of production of electric power on these facilities, 
which is due to a number of factors. Among these 
are considerable specific consumption of materials and 
low working efficiency of wind-driven power plants 
(WPPs). In this connection it is pertinent to analyze the 
design features of promising wind turbine projects. Use 
of these projects will enable us to improve the basic 
characteristics of WPPs. 


Wind turbine units are divided into two major design 
types: collinear (horizontal or vertical axis) in which 
the propeller shaft coincides with the direction of wind 
flow, and orthogonal (also horizontal or vertical axis) 
in which the the propeller shaft is at a right angle to 
the direction of wind flow. Regardless of design, WPPs 


may be high-speed or low-speed. 


The main components of the high-speed wind turbine 
unit of collinear horizontal-axis type are: propeller 
(turbine) with two or three airfoil blades, rotating 
gondola that touses a booster and generator, and also 
automatic systems that monitor WPP parameters and 
orientation into the wind. All this equipment is installed 
on a tower. 


Also under discussion is the possibility of using orthog- 
onal vertical-axis WPPs that have certain advantages 
over collinear units. In particular, they do not require 
a system for orientation into the wind, the booster and 
generator can be located in the base of the unit, and so 
on. 


Both types of WPPs have rather appreciable failings. 
In particular, they have a low coefficient of utilization 
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of wind flow energy, go into operation only when 
considerable wind speeds are attained (4.5 m/s or more), 
and so on, i.e. to a considerable degree they do not make 
full use of the potential of wind energy. 


The designs of wind-driven power unils are continu- 
ally changing and improving. This is aided by advances 
in science and engineering that enable the use of more 
advanced technologies and materials for making WPP 
components. Moreover, there are continually growing 
demands for reducing negative environmental impact, 
raising the level of reliability and safety of operation of 
wind turbine units and the degree of utilization of wind 
flow energy, and so on. In this connection it becomes 
necessary to modify WPP designs. These changes in 
turn may influence specific consumption of materials, 
producibility, repairability, and convenience of opera- 
tion of facilities. All these indicators are interrelated, 
and this has to be taken into account when designing 
wind-powered plants. 


Let us take a look at current proposals for improvement 
of WPP designs. 


Analysis of design approaches with regard to wind- 
driven power plants that have been patented Fy our 
scientists and designers shows that many of them pertain 
to development of new and progressive geometric 
shapes of the main WPP components, such as propellers, 
towers and the like. 


The simplest example that illustrates this trend 1s the 
propeller proposed in [1]. The blade is fabricated of 
metal band in the shape of a helix joined to the 
shaft along the entire length by rods. To maximize 
power output, the helix is inclined at an angle of 
45(. Such a propeller will clearly have outstanding 
durability and will require comparatively low operating 
expenses. However, it will have to be held stauonary 
with orientation into the wind, which means that the 
given WPP can be used only in areas with constant wind 
direction. Besides, due to the large size of the propeller, 
the specific consumption of materials is very high, and 
therefore so is the cost. 


Fig. | shows propellers (2, 3) that pertain to cifferent 
types. Despite this, the same goal (improvement of 
reliability is attained by identical design features. To do 
this, it is proposed that the end sections of the blades 
be eliminated, and that the airfoil blades themscives be 
made in the form of a turn of a loop (helix), and that 
they be connected pairwise al their upper ends. 
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Fig. 1. Diagram of high-speed propellers with pairwise connected 
e—collinear, b—orthogona! 


Such a propeller design will increase stiffness and 
strength, and consequently improve the working reli- 
ability of the WPP. These units are promising, and will 
find practical application after completion of a prelimi- 
nary experimental study on their energy properties. 


In some projects, it has been suggested that the rotating 
propeller be combined with the generator rotor in a 
single structural component. A typical example of this is 
the invention described in [4]. It proposes connecting a 
ring to the propeller with two rows of magnets between 
which the stator is to be located (Fig. 2a). 
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A specific feature of this turbine is that it uses a 
multipolar magnet with mag..:tic flux concentrator, 
thus climinating the need for a reducing gear. This 
considerable advantage of the WPP can raise efficiency 
and ensure operation of the facility at low wind speeds. 
However, in order to put the facility to practical use, 
a solution will have to be found for the problem of 
securing it to the tower. 


In a separate group are inventions in which improve- 
ments are made in mechanisms that transmit torque from 


ENGINEERING AND EQUIPMENT 15 


the propeller to the generator. A rather promising repre- 
sentative of this group is the wind turbine unit proposed 
in (5). This design calls for making the rotor in the form 
of a radially magnetized sphere that is to rotate together 
with the propeller shaft, while the stator is made in the 
form of annular turns and is secured to the support. In 
this way, energy transfer will be noncontact, ensuring a 
higher coefficient of utilization of wind flow and relia- 
bility of WPP operation. 


Present obstacles to introduction of this wind-dnven 
power plant are lack of research on such a device and 
problems of fabrication. 


The engineering approaches to WPPs that we have been 
considering show the great diversity of proposals. In 
this regard, all the mentioned ways of improving wind 
turbine units can be merged into seven areas. Fig. 3 
snows a general scheme of such a unification with 
breakdown into groups. 


All design projects described above can be put into the 
first area, where the distinguishing feature of improve- 
ment is new g-ometric shapes of basic components. 


This area also includes methods of improving wind 
turbine units that employ oscillation of blades under 
wind action. Such devices have been most thoroughly 
studied in [6-8]. 


In [6], the blade is secured to one side of a horizontally 
placed lever, and a balancing weight is secured to the 
other side. The blade takes the form of a hemisphere, 
which is periodically elevated by a slight amount under 
wind action. 


The high specific consumption of material in such a unit, 
as well as the necessity of placing the blade at ground 
level in zones of low wind speeds can scarcely enable 
conditions to be found for its practical application. 


Operability of the wind-driven plant in [7] is handled in 
another way altogether. In this WPP, the vertical blade 
is secured at the lower end to a rocking support that 
is installed on a rotating base (Fig. 2b). To improve 
reliability in operation the WPP is equipped with a 
device that compensates for the mass of the blade. 
Rocking motions are transmitted to the generator shaft 
through conical gears. 
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Blades of this design in multiturbine wind-driven elec- 
tric generator stations will enable power plants to be 
placed closer together, and will considerably reduce the 
required area. In addition, it is anticipated that this will 
almost entirely eliminate such negative effects as noise 
and the hazard of blade parts flying off in case of break- 
age. These advantages bode well for the outlook of tur- 
bine units with oscillating blades. 


The propeller described in [8] has a lot in common with 
the preceding design. However, its vertical blade not 
only oscillates, but also rotates about the vertical axis. 


A problem with the devices of [7, 8] is that considerable 
wind speeds are needed to operate them. 


Wind turbine rotation in high-speed turbine units relies 
on the lift effect produced when the wind stream flows 
around airfoil blades. In this context, the maximum 
coefficient of utilization of wind energy in current 
projects of facilities of this type may reach 40 percent. 


This major index of energy ‘roperties of the wind 
turbine unit can be consideravly increased by using 
flow concentrators. The latter are convergent, divergent 
or other devices located in the immediate vicinity of 
the wind turbine. Under the influence of these devices, 
wind velocity is increased in the propeller zone, and 
consequently so is the coefficient of utilization of wind 
flow energy. Elevation of wind speed also increases the 
power of the unit and generation of electric energy. 


The simplest concentrator design is described in [9]. 
Here the air flow is accelerated in a convergent channel 
of rectangular cross section. 


A disadvantage of using a stationary box concentrator 
of the proposed design is that a considerable volume of 
metal is needed for fabricating the convergent channel. 
Moreover, the facility will operate effectively only in 
regions with fixed wind direction. These problems, 
despite the producibility of these WPP components 
and their good operability, considerably reduce the 
probability that they will be used. 


Upgrading of WPPs by improving the designs and 
characteristics of concentrators can be combined in the 
second area of development of wind turbine units. In 
this context, depending on the type of turbine units, 
new concentrator design features may apply to high- 
speed or low-speed WPPs, plants with one or several 
(many) wind turbines, concentrators may be integrated 
with the turbine unit or free-standing. 


A typical example of this area that appiies to the group 
of improvement of wind plants with a single turbine is 


the wind motor shown in Fig. 4. It has input convergent 
and output divergent channels directly adjacent to the 
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propeller. It is proposed that the divergent channel be 
circularly corrugated with formation of internal and 
external V-shaped channels [10]. 





Fig. 4. Horizont 
eind Gow cxuneatuter to Go Gem of ean end 
outer tapered chutes 


The air stream flowing through the channels is jetted 
into the WPP by external flow, thereby increasing the 
coefficient of utilization of wind energy. Moreover, 
this design will reduce the specific consumption of 
meterial of the concentrator as compared with the design 
proposed in [9]. There is no doubt that wind turbine 
units made in this way are workable, and the design may 
be economically advisable. An integrated concentrator 
has also been developed in [11], but in application to a 
low-speed WPP that has more than one propeller (four 
in the given case). Here all propellers have kinematically 
coupled shafts that form a polygon. However, such 
complicated kinematics drastically reduces the working 
reliability of the unit, necessitating frequent outages for 
preventive maintenance and repair. 


The inlet and outlet sections of the concentrator are 
separate from the wind turbine in the facility of [12). 
And these sections are of very simple shape with 
the possitility of axial displacement relative to the 
propeller; on top of that, bent stator blades are placed in 
the inlet section to swirl the wind stream. Despite these 
advantages of the WPP, its practical use is limited due 
to high specific consumption of material and the need 
for using a long shaft, which can reduce reliability of 
operation of the wind turbine. 
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Fig. 5 shows a diagram of a wind turbine unit that 
las a flow concentrator in the form of a stack with 
lower air intake and upper ejecting head [13]. The stack 
accommodates a wind turbine of collinear type with 
vertical axis. The facility is equipped with additional 
flow guides and a ring, increasing energy output with 
more stable parameters. 
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The design of the concentrators is quite effective and has 
considerable structural strength and durability; however, 
it does suffer from high specific material consumption 
and hence will be high in cost. 


The WPP described in [14] has an even higher specific 
consumption of material. Blowers that set up additional 
rarefaction are installed in the housing together with the 


propellers. 


The third area of development of wind-driven power 
plant designs relates to increasing their dynamic prop- 
erties and mobility. This is achieved by replacing rigid 
connections of individual parts with flexible compos- 
ite connections; stationary structural components with 
movable ones; static rigid components with flexible 
components that are capable of changing their shape or 
size. In this case, use is made of additional hinges, elas- 
tic components, flexible shells and the like (see Fig. 3). 


For example, the rotor of a wind motor of orthogonal 
type is described in [15] in which the crossbars con- 
nected to the blades are made telescopic (Fig. 6). Dur- 
ing operation, the length of the crossbar can be changed 
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by hydraulic cylinders. This will allow variation of the 
area of the swept surface as a function of wind speed, 
thus providing for immediate regulation of the power of 
the wind turbine unit. 


4 y 

















A problem with this unit is the necessity of recording 
and regulating systems, which complicates use. 


The device developed in [16] is also characterized by 
a change of the area of action of the wind stream. In 
contrast to the preceding design, in this low-speed pro- 
peller the area is variable for each blade, which is a 
parachute canopy (flexible shell). These blades are pe- 
riodically folded and opened. Such a design is low in 
fabrication cost; however, it requires frequent replace- 
ment of parachutes and increased operating expenses 


The propeller described in [17] is in the same category. 
In this one, it is proposed that the blades of the 
vertical-axis low-speed WPP be made in the form 
of thin plates that can bend one way. When ch a 
propeller is operating, the flexible blades (plates) bend 
when moving against the wind, thereby reducing their 
resistance to rotation of the propeller. This not only 
improves reliability of WPP operation, but also reduces 
noise during service. 


A similar approach is proposed in [18]. When blades 
move against the flow, they fold up, assuming a 
streamlined teardrop shape. 


Mobility of a low-power wind turbine unit [19] is 
increased by a folding housing that enables rapid 
conversion from working to transportable state and 
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back. Such a unit can be placed on a transport vehicle, 
and therefore is convenient for traveling users.. 


Increasing the dynamic properties of designs quite often 
makes them more complicated. And some designs pro- 
pose additional regulating mechanisms, as well as sys- 
tems for observing and controlling these mechanisms. 
All this further complicates WPP operation. 


These problems are eliminated by devices that intro- 
duce or improve self-controllability of the mobile com- 
ponents that are used. Such developments are covered 
by the fourth area of improvement of wind turbine units. 
These usually employ variable external factors them- 
selves in the drives of moving components. These vari- 
able factors in WPP service are wind speed and «‘irec- 
tion. It is their variable values in most cases that are 
used in self-regulation of propeller geometry. 


This fourth area also subsumes several groups of 
proposals (Fig. 3). One such group comprises design 
approaches in which variation of wind speed causes 
an automatic change in area of the swept surface of 
the WPP. In particular, it is proposed in [20] that the 
propeller be equipped with airfoil and C-shaped blades. 
And it is further proposed that the latter be made up 
of two sections: an upper mobile section and a lower 
Stationary section. At wind speed above the rated value, 
aerodynamic forces lift the airfoil blades, which raise the 
lower sections of the C-shaped blades. As a result, she 
C-shaped blades overlap, reducing the area of the swept 
surface and keeping the power of the facility constant. 
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wind turbine unit is equipped with a regulator in which 
the moment of inertia changes with speed of rotation. 


During operation of the facility, a change of wind speed 
(for example an increase) will change (increase) lift 
and pressure differential across the concentrator. As a 
result, the frequency of rotation of the propeller will 
begin to increase. Then the regulating mechanism will 
automatically kick in and change (reduce) the angle 
of inclination of the concentrator. This again changes 
the pressure differential between the upper and lower 
surfaces of the concentrator, but now the other way 
(toward reduction), and hence reduces flow velocity in 
the working cavity. In this way the speed of rotation of 
the propeller will automatically be held constant. 


Despite automatic operation, the wind turbine unit 
proposed in [21] is rather unwieldy and complicated, 
and it contains an additional regulator. These negative 
factors will make practical application difficult. 


Variation of the moment of inertia and lift are uulized 
in a novel way in the high-speed WPP of [22] with 
hinges in the body of flexible airfoil blades. The center 
of gravity of each blade is displaced relative to the plane 
that passes through the axis of rotation of the shaft and 
hinge (Fig. 8). During operation of the WPP, increased 
wind past the rated level twists the blades as a result of 
centrifugal force, automatically changing the angle of 
incidence of the blades and reducing speed of rotation 
to the working value. 








4. 
Fig. 7. Wind turbine unit with 
controlled airfoil type wind flow concentrator 


An example of anothers group in this area is the wind 
turbine unit of (21), diagrammed in Fig. 7. In this design 
the concentrator takes the form of a wing with inner 
working cavity that accommodates the propeller. The 
concentrator is hinged to the support. In addition, the 
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Fig. 8. Propeller rotor with flexible blades that 
automatically vary angle of attack 
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Propellers of this design deserve concentrated attention 
for study and subsequent recommendation on practical 
use in areas with high wind speed. 


The WPP design described in [23] proposes making the 
blades more complicated. In this low-speed wind turbine 
unit, vertical blades are made with cavities that accom- 
modate additional propellers and rollers kinematically 
coupled to the rotor of the electric generator. As the 
blades move, these rollers are displaced, changing the 
convexity of the sides of the blades and the lift acting 
on them. As we see, in the last example the automatic 
change of blade geometry takes place periodically due 
to mechanical drives. 


Similar engineering approaches that relate to this group 
of the fourth area are proposed in [24, 25]. What is 
specific to them is that the motion of vertical blades is 
due to pressure on the plane of the blades rather than to 
the action of lift. The blades are automatically set in the 
most advantageous position depending on iocation with 
respect to the wind stream by chain drives and sprockets 
[24], and by additional rollers and guideways [25]. 


The last group of designs has rather complicated kine- 
matics, considerably reducing their efficiency and reli- 
ability, and in some cases their workability as well. 


Another group of proposals for self-regulation of WPPs 
recommends using variation of wind stream pressure. 
For example, it is proposed in [26] that the propeller be 
yecured to an upright on a hinged hanger. When wind 
speed goes above the rated level, this hanger is deflected 
and operates a brake. 


In one of the proposed designs, in particular in [27], 
an increase in wind speed increases pressure on the 
converging channel of a concentrator, deflecting it 
downward and reducing the action of wind on the 


propeller. 


A problem that is common to the design approaches of 
this group is that wind energy is underutilized. 


The fifth area of improvement of WPP design can be 
characterized as division of structural elements and/or 
their components into composite parts: it is proposed 
that certain components are to be made up of several 
parts. These fractional parts often provide mobility or 

exibility of the component. Both individual blades, 
the propeller as a whole, and the concentrator may be 
subject to division into parts (Fig. 3). 


A good example of this area is the vertical-axis propeller 
[28] diagrammed in Fig. 9a. It is equipped with a large 
number of airfoil blades that follow a helical line in 
Opposite directions and are joined at points where they 
cross. 
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Fig. 9. Diagrams of propellers of orthogonal 
turbine units with large number of airfoils: 
a--high-speed; b—low-speed with swivel blades 


The developed design has quite significant advantages. 
It has no shafts or brackets for holding propellers, 
which considerably reduces the specific consumption of 
material of the WPP. Besides, such a three-dimensional 
truss of blades appreciably increases the strength of the 
propeller and the reliability of its operation. Because 
of this, it can be made very large, and accordingly 
considerable power can be taken off. 


A typical illustration of the same area is the low-speed 
wind motor of orthogonal type diagrammed in Fig. 9b. 
In this one, each blade is a composite of three or more 
airfoils. As the WPP operates, the wind stream acts only 
on blades moving with the wind, while those located on 
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the other side of the propeller offer practically no wind 
resistance. 


Such a turbine unit design raises efficiency of the WPP; 
however, it reduces reliability and increases specific 
consumption of material. 





SL STS? 
Fig. 10. Turbine unit with vertical straight blades 


Fig. 10 shows an orthogonal turbine unit with straight 
vertical blades separated in the plan view. An indis- 
putable advantage of such a wind turbine unit is the 
capability of recovering energy of the wind stream that 
has passed the windward blade row thanks to vertical 
energy exchange. As a result, air flow with greater en- 
ergy acts on the blades of the leeward row, increasing 
the efficiency of the WPP. 


A further improvement of such wind turbine units is 
proposed in (30). In particular, the central support in 
the WPP design is provided with bearings on the ends 
to which guys are secured that hold the rotor ring. 
This reinforcement reduces strain on the rotor ring, 
dramatically cutting friction losses an? improving the 
reliability of the plant. WPPs of this design can be 
recommended for extensive use, including in regions 
with abrupt wind gusts. 


Flow concentrators can also be improved by division 
into parts. For example, in the design with a single 
propeller of [31], the converging device is made as a set 
of rotating air intakes, each of which is independently 
oriented into the wind. In addition, the outlet diverging 
channel also consists of several rotating outlet ducts. 


The sixth area subsumes engineering approaches to 
WPPs in which air is supplemented with other sub- 
stances: small amounts of material resources that im- 
prove working efficiency of wind turbine units or that 
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do away with some negative effect. Such resources are 
either inexpensive and easily obtainable substances, or 
are available in unlimited amounts (such as water or an 
aif-water mixture, aqueous solutions, pressurized steam, 
gas or air, and so on). 


The wind-driven electric power plant proposed in [32) 
is a typical example of this area of improvement. It 
has vertical airfoil blades, and is additionally provided 
with two ring-shaped channels filled with water and 
in communication with each other, water turbines, and 
radial components in the form of tubing. As the wind 
turbine operates, the water is displaced under the action 
of centrifugal force and turns the water turbines that 
generate additional electric power. 


Problems with this facility are the complexity of fabrica- 
tion and the necessity of equipping with water turbines. 


There is a rather good outlook in fabricating wind tur- 
bine blades or WPP concentrators from porous material 
that is a solidified air-substance mixture. This consid- 
erably reduces the specific consumption of material of 
the WPP, its mass and cost. For example, if the con- 
centrator described in [21] were to be made of such a 
material, its cost would be considerably reduced, and 
efficacy would be improved. 


In the wind plant design described in [33], some of the 
power of the wind motor is taken off and used to liquefy 
air. In case of the need for increasing power output 
to the load, the liquefied air is evaporated, heated, and 
fed to a gas turbine. An advantage of such a WPP 1s 
the capability of generating additional electric power on 
demand. However, the complexity of making it and of 
the technological cycle raises doubts as to the feasibility 
of practical application within the next few decades. 


And finally, the seventh area of improvement of wind 
turbine units pertains to designs that utilize fields (cen- 
trifugal, mechanical, thermal, magnetic and electrical) or 
combined methods of generating electric power. This 1s 
a very promising area with tremendous possibilities. 


A centrifugal field is most frequently used for automat- 
ically regulating WPP parameters. We have looked at 
such devices in the foregoing. Another example per- 
taining to this last area is the rotor of the wind motor 
proposed in [34]. Its aerodynamic blades are secured to 
crossbars by horizontal axial hinges (Fig. 11) with pins 
placed at an angle to the axis of the crossbar. The center 
of gravity of each blade is shifted heightwise relative to 
the hinges, and the blades themselves are spring-loaded. 
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Fig. 11. Wind turbine with self-regulated inclination of 
airfoil blades operated by centrifugal force 


As the WPP operates. centrifugal force will turn the 


rotor A 
band rotor is provided in turn with additional channels 
that are also arranged along a helical line. In the opinion 


of the developers, this approach will reduce the specific 


shields are in the vertical position, an electrode system 
is formed: upper shield(current collector(switch(lower 
shield. In such an electrode system, charge separation 
takes place under the action of the earth's electric field. 
The charge goes through the switch to a transformer. 


Additional electrical energy can be obtained on such a 
device only with propellers of considerable diameter. 
This brings engineering problems in making the WPP. 


Let us note that the use of electrical and magnetic fields 
may be quite effective for controlling the shape and 
dimensions of structural components in wind turbine 
units. In this case, practically any outlines and shapes of 
these components can be achieved and rapidly changed 
to adapt to external conditions. For example, the shape 
of the blade profile in an ¢ thogonal turbine unit can be 
changed as the blades move with and against the wind. 
Moreover, the functions of structural components can be 
considerably expanded. In particular, these blades can 
be used as braking devices and the like. 
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In a separate group of this area are designs that 
utilize a mechanical field and the piezoelectric effect. A 
piezoelectric generator is geserally used in these cases. 
For example, in (37) piezociectric generators are housed 
in an annular casing, and the crossbars of the propeller 
mechanically interact with the piezoelectric elements. 
This results in generation of alternating current. 


There are also approaches where it is recommended that 
flexible bands with piezoelectric converters be placed 
on the WPP blades [38]. The latter will sense the 
oscillations of the bands caused by airflow turbulence, 
and will transmit AC voltage to a rectifier and thence 
to the stator winding of the WPP generator. 


Of interest for practical use is the wind turbine unit 
of design proposed in [39]. It is equipped with a 
magnetic plate and flywhee! made of magnetic material 
and kinematically coupled to the propeller. At working 
wind speeds, the propeller stores energy in the flywheel, 
and when the wind drops, gives it back to the electric 
generator. This design will improve reliability of electric 
supply and the quality of electric power. 





Fig. 12. Diagram of combined wind-driven power plant 


In the last case, the WPP is a combination facility. 
Another such energy complex is the plant described 
in (40). In this unit, the wind turbine is located over 
a hole, through which it is kinematically coupled to a 
piston pump (Fig. 12). At rated wind speed, this pump 
supplies water to a turbine that generates electric power. 
At night and rs eae winds, some of the electric 
power is used to heat water in an underground heat 
accumulator, and is also stored in a surface tank as hot 
water. When there is no wind, this water is sent through 
a pipe to the water turbine that uses the kinetic energy 
of the raised water. 
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Such a facility is quite promising, as it ensures good 
reliability and quality of electric supply. To speed up 
the introduction of such WPPs, we must work out 
and thoroughly substantiate methods of calculating their 
effectiveness that allow for the diverse factors having an 
impact on this index. 


Thus, our analysis of current and prospective WPP 
designs has revealed basic trends in their improvement 
(see Fig. 3). Of course, the division into areas is 
somewhat arbitrary, since many WPPs have several 
engineering features that pertain to different types. 
Nevertheless, such an analysis can help developers to 
choose a further path to improvement of designs of 
wind-driven power plants. 


In conclusion it should be noted that the introduction 
of new design features into actual WPP plans is a 
fairly complicated matter. There are a lot of reasons for 
this. One is the lag in development of the entire wind 
engineering industry, as well as the economic difficulties 
being faced by our nation. 


Another reason of no less importance is the lack of 
methods for substantiating the effectiveness of using 
new engineering features in the design of wind turbine 
units that would take account not only of hardware, 
power and economic indicators of the facility, but also 
its environmental impact, social effectiveness, reliability 
and safety of operation of turbine units, local specific 
conditions of WPP service, as well as negative aspects 
of alternative options. 


Conclusions 


1. Of greatest promise for practical use are WPPs with 
automatic regulators, and also devices equipped with 
wind flow concentrators. The latter enable operation 
of WPPs at low wind speeds, considerably increasing 
power generation and volume of electric energy; how- 
ever, they entail an increase in specific consumption of 
material and cost of the WPP. 


2. Guaranteed supply of energy to the consumer is 
possible by the use of combined power plants that 
provide thermal power along with electricity, and can 
also store some wind energy in special hydraulic or 
other accumulators. 


3. The introduction of new design features into actual 
plans requires development of modern techniques of 
substantiating the effectiveness of using WPPs with al- 
lowance for not only the hardware, power and economic 
indicators of WPPs, but also their environmental impact, 
reliability and safety of WPP operation, local specific 
conditions of WPP service, as well as the negative as- 
pects of alternative options. 
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{FBIS Translated Text} 


{Annotation} In this paper artificial neural networks are 
used to analyze spatially distributed data of radioeco- 
logical monitoring. Artificial neural nets with differing 
levels of complexity are constructed. To train the net- 
works reverse propagation algorithms are used. To avoid 
the capture of solutions at local minima, during network 
training genetic algorithms and methods of simulating 
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annealing are used. An example is presented which uses 
Chernoby! fallout data. 


Introduction. Artificial neural networks (ANNs) are 
being used more widely in various areas of science 
and technology: pattern and speech recognition, analysis 
of time series, approximation of functions, regression 
analysis, and optimization problems, systemization and 
Classification, robotics, computer vision, and many other 
fields. ANNs have an advantage over other methods 
when it comes to fuzzy and imprecise information, the 
studied phenomena are unclear, strongly nonlinear, and 
essential information is hidden. Recently, ANNs have 
also been used in hybrid systems, for example, ANNs 
and expert systems. 


ANNs are of significant interest in the analysis of 
spatially distributed, time-dependent data. At present 
there are a number of modern approaches to conducting 
this type of analysis, among them, geostatistics, fractal 
theory, stochastic modeling, etc.' 


The place and role of ANNs in these complex and prac- 
tically important areas are only now being formulated. 
A number of recent results demonstrate the capability 
of ANNs and prospects for their use.*” 


This paper studies only one of the many possibilities 
of using ANNs in radioecology: spatial interpolation is 
done and maps are drawn on the basis of the spatially 
distributed data of radioecological monitoring. 


The main paradigms of ANNs are presented in detail 
in a number of monographs and textbooks.*’ Below 
we present only the information needed to understand 
ANNs used for this study. 


Description of an Artificial Neural Network and 
Data 


In a general form an ANN is a structure for parallel, 
distributed processing of information. The structure con- 
sists of the processing elements (neurons, nodes), which 
may have local memory and may execute local informa- 
tion processing operations; the processing elements are 
linked by information transmission channels (synaptic 
links). Hereafter we will use the term “neuron.” 


In the mathematical sense ANNs are directed graphs 
with the following properties. 


1. The state of variable n, is associated with each neuron 
i. 


2. The real weight W, is associated with each link (i/) 
between two neurons : and /. 


3. The real bias (threshold) W, __ is associated with each 
neuron i. 
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4, The activation function (the transmission function) f 
is defined for each neuron. This function defines the 
state of the neuron in relation to the threshold, the 
weights of incoming links and the states of neurons 
linked by these links (input). 


The links between neurons define the topology of the 
ANN. All knowledge of the ANN is based on the 
synaptic weights between neurons. 


Basic models of artificial neuron networks are: 


artificial networks with forward propagation: the input 
information propagates only in one direction, static 
models; %artificial networks with feedback (recurrent 
networks), dynamic models. 


An important property of ANNs is adaptability, or the 
ability to change their behavior and knowledge depend- 
ing on the external environment. After the presentation 
of input signals (possibly with a required output) the 
networks tune themselves (learn) to provide the required 
reaction. This factor is the main reason for the interest 
in ANNs. 


At present various training algorithms are used that are 
based on two main principles of learning (the rules of 
modification of synaptic weights). 


1. Training with a teacher. This is the most common 
method of learning (training). Training requires the 
preparation of input data together with the required 
outputs 7{input, output) in the form of a training 
set. Then the networks are sequentially presented with 
the inputs 7{input,). For each input the calculated and 
required outputs are compared. After presenting the 
network with the training set, the synaptic weights 
between neurons are modified to reduce the error 
between the network and the required outputs. The 
mode in which modification of weights is done after 
each presentation is called “on-line” or stochastic mode. 
When modification is done after the presentation of the 
entire training set this is called “off-line” mode. 


2. Training without a teacher. In this case the networks 
are presented only inputs. No network outputs are 
presented. It is assumed that the inputs belong to several 
classes and the network will be capable of identifying 
the class to which each input belongs. 


The struc''wal diagram of the ANN used in this paper 
is shown in Fig. |. The ANN is a multi-layer forward 
propagation network: a multi-layer perceptron. In this 
paper the network is used to perform spatial interpola- 
tion of radioecological data. 
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Figure 1. Structural diagram of a three-layer 
artificia) neural network for two-dimensional 
interpolations with five hidden neurons. 


Key: a. input; b. output; c. hidden layer. 


Let us formulate the problem. There is a set of data of 
measurements of surface contamination with radionu- 
clide *Sr, Z = Z(x, y,) at points (x,y,). One must de- 
termine the value of Z(x, y,) at arbitrary point (x, y,) 
or draw a map of fallout, which is equivalent to deter- 
mining the values of contamination in a dense regular 
network. 


Proceeding from the problem statement the network 
looks like this: at the input we have two neurons which 
are fed values of coordinates x and y; at the output we 
have one neuron which should, from the given values 
of the coordinates, predict (interpolate) the value of the 
contamination (Fig. 1). There may be several hidden 
layers. The hidden layers are fundamental and construct 
the internal representation of the network of the studied 
phenomenon (process). The number of layers in the 
network will be defined with a consideration of the input 
and output layers. The input layer does not perform any 
Operations, and only feeds the input information to the 
first hidden layer. 


In the forward flow of information each neuron i of 
the hidden layer executes several operations: |) weighs 
the initial data and sums it, SUM, = /Wox + Wy 
+ W LJ; 2) using an activation function, it makes 
the nonlinear transformation OUT, = f(SUM); 3) the 
resulting output of neuron OUT, of the hidden layer is 
fed to the following layers. 
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For a three-layer network (one hidden layer) consisting 
of N hidden neurons, the result of network calculation 
is defined by the following equation 


OME Mas + H+ Med)? Mah (1) 


where Z/x, y) is the result of interpolation at point (x, 
y) W, .., are the synaptic weights between the j* hidden 
neuron and the output neuron, W,, and W,, are synaptic 
weights between x and y inputs and the hidden neuron 
J, W, 4. is the bias (threshold). 


Similar equations could be presented for a four-layer 
network. 


The activation function in this paper is a logistic 
function f{x) which has a derivative /’(x) 


1@= (+ ap(- ar", (2) 


f (%) =f) 0-7 @). (3) 


training uses available initial data. 


Part of the initial data (about ten percent) was excluded 
from the training process so that it 


i 


e 
i 


is recommended to set the initial weights in 


of the 
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2. Present the network with initial information together 
with required outputs: the vector (input,, outpul, = 7)) is 
presented to the network. 


3. Calculate the real output (see (1)). 


4. Calculate the measure of error and modify the 
weights. A recursive algorithm is used which begins at 
the output neuron (here we know the required value) and 
works backward to the first hidden neurons.** Weights 
are modified with the following equation 


We (n+l) = Wen) + nize, (4) 


where n is the number of iteration steps, 7 is the rate of 
training (0 <n 1), Z™' is the output of the /* neuron 
in layer (m -1), and the error 6" for the output layer is 
defined by the equation 


Om" = 2 (1 — ZH") (T, - 2"), (5) 
and for hidden layers 


Ort = Bl ~ 2) E wah. (6) 


Most frequently the measure of error is the RMS error. 
It is easy to calculate, frequently effectively used in 
practice, and its partial derivatives can be calculated 
explicitly. 


If the network has nm output neurons, the error for 
presentation / is defined as 


nm =1Sc- amy. (7) 


If the training set has M presentations, the surface of 
error has the form 


| em-1Fam : mo 
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The measure of error has a complex surface with many The formula for reverse conversion has the form 
local minima. This greatly complicates the problem of 


these 
of modifications to the classical algorithm of reverse 
propagation was proposed. 


od of conjugated gradients was 
the minimum of the measure of error. In 


used 
order to avoid capture in local minima and more ef- 
fectively select initial weights, the author used genetic 


An important stage in the study is the preliminary 
analysis of data and its preparation for the ANN. For 


Bryansk oblast with Sr. 


Let us present the main characteristics of the descriptive 
statistics of the initial data. The total number of initial 
measurements used to train the network was N = 
219, the minimum value was Z_ = 0.02 Ci/km’, the 
maximum value was Z_. = 1.21 Ci/km’, the average 
value was m = 0.29 Ci/km’, the median was M = 0.24 
Ci/km’, and the standard deviation was Sid = 0.21. A 
total of 200 measurements were used for training and 
19 were selected for validation. 


First the data were log transformed, then linearly scaled 
in the interval (0.1; 0.9]. The coordinates X and Y were 
also scaled. The scaling was done so that the logic 
function varied in the interval (0,}]. 


Let us present the formulas which were used for linear 
scaling 


Kup @ 1,0 = Xa) +01, an) 
7, * @9 ~ OI). - Za) (0) 
Vg@ #,(Y ~ Vg) + G1, . (11) 
1) © 9 — CIV (Mun — Yous (12) 


Le CHiN, © 7, a cns? - Lacns1.) + 61, as) 
to° @9-GIVGacss-Lacnn.) (14) 


La C5137 & (Le CSI37_, - 0,1)/r,.] + La CS137,,., (1s) 


where r, = 0.01, r, = 0.0064, r, = 0.2. 
Spatial Interpolations. Analysis of Results. 


Before we turn to a discussion of the results of spatial 
interpolations, let us note an important theoretical fact: 
multi-layer forward propagation networks are universal 
approximators. A three-layered network with a sufficient 
number of hidden neurons is capable of approximating 
a function from one limited space into another limited 
space with a given degree of accuracy. If between the 
input and output of the initial data there is a stochastic 
link instead of a deterministic one, the network can 
work in a super-nonlinear regression mode. The results 
of regression can be used to find and analyze trends and 
to construct mixed neurogeostatistical models. 


Figure 2 presents the correlation between initial and 
predicted data obtained at the points of measurement 
after network training. It is clear that the network 
Captures the basic patterns of spatial distribution. 


“Maps” of contamination obtained with several net- 
works are presented in Figs. 3 and 4. Before the con- 
struction of isolines estimates were made of contami- 
nation in a dense network N. x N = 40 x 60, which 
corresponded to the spatial scales 2 x 2 km’. The rela- 
tive coordinates in the figures are presented in the cell 
numbers. 


We note that a network which has only five hidden neu- 
rons is capable of good generalization (interpolations). 


For independent estimates we used validation data, some 
of the initial data which was not used in training. The 
results of correlation between the initial and predicted 
data are presented in Fig. 5. Comparison with other 
methods of interpolation (linear weighting with weights 
inversely proportional to the square of the distances, 
multiquadratic equations, common kriging) shows that 
the results of spatial interpolation obtained with the 
neural network and expressed in the RMS error are 
somewhat better. However, additional studies and the 
use of new criteria are required for a comparative 
analysis and evaluation of the quality of interpolation. 


Conchusion. For the first time, this paper used artificial 
neural networks to analyze spatially distributed data of 
the Chernobyl fallout. The results that were obtained are 
not inferior to traditional and geostatistical models of 
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Figure 2. Correlation between estimated and initial data after network training. Training was done using 
these same data. 


Key: X-axis, data; Y-axis, estimates. 
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Figure 3. Evaluation of the effectiveness of operation (validation)of the trained network. The correlation 
between estimated and real data. Data were scaled. 


The methods of interpolation: three-layer ANN with five (2-5-0-1] (points labeled 1) and ten (2-10-0-1) (points 
labeled 2) neurons in the hidden layer, linear interpolations with weights inversely proportional to the square of the 
distances (INV2) (points labeled 3). X-axis, Data; Y-axis, estimates. | 
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Figure 4. Result of spatial interpolation using a 
three-layer neuron network (five hidden neurons). 


the execution of spatial interpolations. In hybrid neural- 
geostatistical models it is possible to effectively analyze 
spatially distributed, time-dependent data when there are 
complex spatial and temporal trends. 


The author expresses his gratitude to L. A. Bolshov and 
R. V. Arutyunyan for their support. 
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Figure 5. Result of spatial interpolation using a 
four-layer neuron network. 





(The number of hidden neurons in the first layer is 5, 
and in the second layer, 3) 
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Russia: Use of Expert Systems in Diagnosis of 
Performance Indices of Items Fabricated From 
Composite Materials 

964D0084A Yekaterinburg DEFEKTOSKOPIYA 
in Russian Apr 95 No 4, (manuscripi received 

4 Aug 94) pp 46-5 


[Article by A.V. Sandalov, Riga Aerial Navigation 
Institute; UDC 620.179] 


{[FBIS Summary] The principal points in a methodology 
for use of expert systems in developing methods and 
procedures for the diagnosis of performance indices of 
items made from composite materials are presented, as 
well as descriptions of application of these methods and 
procedures. By the term “diagnostic method” is meant a 
system of principles, diagnostic models, norms and rules 
regulating a diagnosis. The elements of such a system 
are outlined. Two block diagrams are given showing the 
structure of an expert system for developing a diagnosis 
method. These block diagrams serve as a basis for 
a detailed text describing the individual components 
of such a system and method and their functions 
at different operational levels. The development of 
such a diagnosis method and its use is a complex 
process of adoption of sets of decisions on matters 
related to application of the resulis of determination 
of different physical and mechanical characteristics, 
structural and other parameters of materials and items 
for drawing conclusions on the operational suitability 
of the investigated items. Three different levels of 
complexity in solving these problems are defined. A 
specific exrcai system intended for the diagnosis of 
glass plastics is described as a particular illustration 
of such systems, accompanied by its specific block 
diagram. The system is based on the shell of expert 
systems of the Linum type for determining in different 
types of glass plastics, on the basis of a program of 
nondestructive (thermal, ultrasound, optical) tests, of the 
type of reinforcement (unidirectional, orthogonal) of the 
composite material, its porosity, reinforcement factor, 
dynamic elastic modulus of the composite material by 
directions of reinforcement, static elastic moduli and 
tensile strengths along the directions of reinforcement, 
interlayer shear parameters and thermal conductivity of 
the polymer matrix. Figures 3; references: 14 Russian. 
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Russia: Radioecologic Monitoring in Zone of 
Influence of Liquid Effluent From Beloyarsk 
Nuclear Power Plant 


964D0084B Yekaterinburg DEFEKTOSKOPIYA 
in Russian Apr 95 No 4, (manuscript received 
17 Aug 94) pp 62-67 


[Article by Ye. N. Karavayeva and I. V. Molchanova, 
Plant and Animal Ecology Institute, Ural Department, 
Russian Academy of Sciences; UDC 502.55(217.7)] 


{[FBIS Summary} Since 1978 specialists in the Conti- 
nental Radio Ecology Section of the Plant and Animal 
Ecology Institute, Ural Department, Russian Academy 
of Sciences, have carried out studies of the Olkhovo 
swamp-river ecosystem, into which the Beloyarsk Nu- 
clear Power Plant has long dumped slightly radioac- 
tive waters. The results of this multiyear study of the 
dynamics of the content of radionuclides in the prin- 
cipal hydrographic components of the Olkhovo swamp 
have now been generalized. Samples of water, plants 
and bottom deposits from the swamp and other parts of 
the hydrographic system were analyzed. Up to 1989 a 
serious situation prevailed, but it was alleviated consid- 
erably after shutdown of one of the power units of the 
3-unit nuclear power plant. Specific data are given on 
the migration of “Co, *Sr and '’Cs in different parts 
of the system during different periods. The reserve of 
these isotopes in the Olkhovo swamp exceeds 100 Ci, 
99 percent of which is found in the bottom deposits. 
The content of these radionuclides in the water at the 
entry into the swamp and upon its discharge from it is 
approximately identical and therefore the swamp does 
not perform the role of a natural filter. However, the 
swamp is a potential source of dispersal of accumu- 
lated radionuclides into the adjacent soil-plant cover. 
All pertinent data are tabulated. Radioecologic moni- 
toring must be continued for studying and predicting 
the migration paths of long-lived radionuclides and for 
defining measures for rehabilitating the polluted ecosys- 
tem and reducing its environmental impact. References 
13: 12 Russian, | Western. 


Russia: Reliability of Water Firefighting System at 
Nuclear Power Plants 


964D0085A Moscow ENERGETICHESKOYE 
STROITELSTVO in Russian Jun 95 No 6, pp 42-48 


[Article by Yu. V. Todres, engineer, Moscow Division, 
Atomenergoproyekt Institute] 


[FBIS Summary] There is a high probability of occur- 
rence of fires at nuclear power plants (NPP). Fire data 
for different NPP structures in the CIS and the United 
States are compared. The performance of water fire- 
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fighting systems must therefore be fail-safe. The ulti- 
mate level of reliability which must be satisfied by such 
systems was therefore investigated. A block diagram of 
recent-generation active firefighting systems is shown 
and their different subsystems are discussed. An ade- 
quaie water firefighting system requires interconnection 
of two independent systems: devices for automatic fire 
warning and monitoring with a special water line for 
firefighting purposes and an automatic system for extin- 
guishing fires in safety system cable structures. Failures 
in any part of these systems may have the most seri- 
ous consequences. The organization of some of these 
systems, such as in-structure firefighting water lines, is 
discussed and fully analyzed in the example of the main 
building of the third power unit at the Smolensk NPP. It 
is the danger of fires in the safety system cable structures 
which demands the closest attention and the highest re- 
liability standards must be achieved. A circuit diagram 
shows the layout of an optimum system of this type; its 
functions are described in detail. Three indices — P_. 
(maximum probability of an accident), A (fire intensity) 
and V (system failure probability) — are defined which 
can be used in determining the actual level of reliabil- 
ity of a planned automatic fire extinguishing system for 
safety system cable structures. The indices can be used 
in analyzing a “tree of system failures." By comparing 
the computed jiiability level with the required level 
[V__,] it is possible to determine the reliability of the 
planned system. Pertinent formulas are given. Figures 
3; references: 12 Russian. 


Russia: Determining Upper Limit of Power Class of 
Low-Power Nuclear Power Plants 


964D0085B Moscow ENERGETICHESKOYE 
STROITELSTVO in Russian Jun 95 No 6, pp 53-56 


[Article by I. S. Krivitskiy, engineer, Moscow Division, 
Nuclear Power Enterprise} 


{FBIS Summary) The proper definition of a “low-power 


was defined in 1988 when it was concluded that 
2-unit LPNNP with 150-MW power units would 
industrial and domestic needs of 


7 = 
= 
5 
: 
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city of approximately 50,000 persons. However, it 
has become clear that revisions to that definition are 
tequired. The objective was therefore to ascertain the 
range of users whose energy supply from LPNPP is 
feasible and on that basis set an upper limit of the 
power class of LPNPP. The most likely “small users” 


i 


are the numerous populated places in 
and Far East. In these regions there is a 
thousands of autonomous power sources with 
it power from several kW to hundreds of MW. 
Particular attention was directed to cities and towns 


git 
+ 
: 


ENGINEERING AND EQUIPMENT 33 


in the arctic zone, where such plants would be most 
advantageous, the assumption being that they would 
supply both heat and electricity. Rough calculations, 
based on a series of simplifying assumptions and 
available statistical data, were made of the total electric 
and thermal loads required by populated places with 
20,000 and 50,000 persons (the results are given in a 
table). It was found that the predicted loads for a city 
with 50,000 inhabitants greatly exceed the capabilities 
of the two 150-MW power units proposed in 1988. 
Several possible scenarios are considered, but in the first 
the unit thermal power for the producing unit must be 
not less than 350 MW, fully covering the electric loads 
of consumers in a city of 50,000 people. The second 
scenario provides for full coverage of electric loads, but 
the thermal load would be only partially covered. For 
the described scenarios the most suitable unit would 
have a thermal power of S00 MW. Gas-compressor and 
oil-pumping stations on the main gas and oil pipelines, 
whose average required load is 400 MW, are among the 
other potential users. 


Russia: Steam Preparation System for Geothermal 
Electric Power Plants 


964D0085C Moscow ENERGETICHESKOYE 
STROITELSTVO in Russian Jun 95 No 6, pp 62-65 


[Article by V. A. Fedorov and O. O. Milman, doctors of 
technical sciences, NPVP Turbokon — AO Kaluzhskiy 
turbinnyy zavod, Yu. F. Delnov, engineer, AO Kam- 
chatskenergo, and Ye. N. Goldberg, candidate of tech- 
nical sciences, Central Boiler-Turbine Institute] 


{[FBIS Summary] In Russia the most promising geother- 
mal resources are on Kamchatka and on the Kuril Is- 
lands. Their exploitation requires special construction 
measurcs due to the severity of climatic conditions and 
inaccessibility, limiting the construction season to 3-4 
months. This necessitates that power plant components 
be delivered to the site in a block-modular form to 
meet construction deadlines. A steam preparation sys- 
tem (SPS) which meets all local conditions is described. 
The system takes foreign experience into account, but 
the inadequate operating reliability of systems for auto- 
matic control of the fluid in the steam separators exhib- 
ited by foreign plants has been corrected. The developed 
SPS thermal circuit is illustrated and 19 components are 
identified, serving as a basis for a full description of 
unit structure and function. The appropriate equipment 
has already undergone factory tests at the AO KTZ and 
sent to Kamchatka for field tests. Field tests of the SPS 
have in fact been carried out since 1994 in the geother- 
mal deposits of Kamchatka and Sakhalin Oblasts. A 
500-kW geothermal power plant operating on Kunashir 
Island did not fail even during the 1994 Kuril earth- 
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quake. A diagram of the steam separator, the principal 
SPS component, is given, together with a full list of its 
technical specifications. It is 4,940 mm in height and 
weighs 12,000 kg. Another SPS model was developed 
for single-circuit geothermal power plants with a steam 
discharge up to 200 tons/hour which also can be deliv- 
ered in a block-modular form. The KTZ also has now 
constructed an SPS module which is to be installed in 
a 2-MW geothermal power plant in the Kurils. Figures 
3; references: 7 Russian. 


Russia: Calculation of Seismic Damage to 
Protective Shell of Nuclear Power Plant 


964D0085D Moscow ENERGETICHESKOYE 
STROITELSTVO in Russian Jun 95 No 6, pp 69-71 


{Article by S. S. Nefedov, candidate of technical sci- 
ences, and Yu. N. Turayev, engineer, Atomenergo- 
proyekt (Nuclear Power Project), V. G. Bednyakov, can- 
didate of technical sciences, RF State Committee for 
Nuclear Oversight, and N. S. Shvets, DISI] 


{(FBIS Summary} Currently employed procedures for 
calculating potential seismic damage to the protective 
shells of nuclear power plants involve great diff ulties 
in taking all pertinent factors into account because so- 
lution of three-dimensional nonlinear physical problems 
in a dynamic formu!ation requires time cxpenditures and 
computer resources going far beyond the capabilities of 
planning organizations. A tnethod is therefore described 
which makes it possible tc overcome these difficulties 
and by means of computations represent the picture of 
damage arising at the shell surface which would re- 
sult from the maximum predicted earthquake. Compu- 
tations are made in two stages with differing degrees 
of structural modeling detail. The computation scheme 
used involves a dynamically similar rod model of the 
reactor unit. The rods in this model simulate the base, 
shell, internal structures and rigging. As a result of such 
modeling the variations of the full-scale and dynami- 
cally similar model in the units with concentration of 
masses will be identical. In the first stage a solution 
is found for the dynamic problem of determining the 
seismic forces operative at the levels of concentration 
of structural masses. In the second stage a solution is 
found for the problem of computing shell strength with 
allowance for the physically nonlinear character of ma- 
terial performance: formation of fractures in the con- 
crete of the expanded zone, elastico-plastic nature of its 
deformation in the compressed zone and yield of rein- 
forcements. In this stage a three-dimensional model of 
the protective shell also is examined. The method was 
used successfully in designing the protective shell of 
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one of the units of the South Ural Nuclear Power Plant 
with a VVER-1000 reactor. The proposed approach to 
analysis of the protective shell is to a certain degree 
conditional because the dynamic character of operation 
of the structure is examined only in the stage of de- 
termination of seismic forces. The structural response 
is analyzed quasistatically. Nevertheless, this approach 
makes it possible to construct a schematic diagram of 
structural damage and correlate the intensity of antici- 
pated damage and the intensity of the strongest possible 
earthquake. Figures 3; references: 3 Western. 


Ukraine: Core Trap of VVER-1000 Reactor 


964D0078A Kiev ENERGETIKA I 
ELEKTRIFIKATSIYA 
in Russian No 4, Jul-Aug 95 pp 23-25 


[Article by V. N. Matichuk, engineer, and L. I. Bezruk, 
candidate of technical sciences, Energoproyekt Institute, 
Institute of Electric Welding imeni Ye. O. Paton, 
Ukraine Academy of Sciences; manuscript received 2 
Sep 94; UDC 621.039.551.521.502.7]} 


[FBIS Translated Text] The Three Mile Island and 
Chernobyl accidents have elicited a lot of anxiety in the 
world community about the possible escape of molten 
reactor components into the environment. 


A serious accident with core meltdown and escape of 
radioactive products beyond the confines of the reactor 
is very unlikely. 


A comprehensive solution to ihe problem is needed to 
minimize the permissible risk associated with loss of 
seal of the reactor core as a result of an accident. 


At present, the basic solutions are well known: building 
a containment shell to house the reactor unit, active and 
passive safety systems, and so on. 


Many nations where nuclear electric power plants are 
being built and operated are examining the possibility 
of installing a device for catching molten components 
of a nuclear reactor in the event of destruction [1-3]. 


It is the opinion of the authors that most of the proposed 
facilities have several shortcomings: 


technical complexity of fabrnicauon; 


low effectiveness of reducing the action of radioactivity 
and cooling the melt that is formed; 


use of materials that through nuclear reactions may form 
radioactive isotopes and enter into chemical reactions 
with water. 
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Fig. 1 shows the core trap of the VVER-1000 reactor 
installed in the reactor department of a nuclear electric 
power plant. 
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Fig. 1 


Core trap of VVER-1000 reactor: 1—reactor shaft; 
2—reactor; 3—protective housing of reactor; 4—trap; 
$—walls; 6—bottom; 7—bottom cover; 8—hole for 
injecting water containing boron; 9—breakable inserts; 
10—protective housing of trap; 1 1—piping for injection 
of boronated water; 12—holding pond; 13—inspection 
shaft; 4—air inlet for cooling trap and shaft; inverted 
black triangle—inlet of boronated water to trap for 
carrying off residual heat release of core meltdown 
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Fig. 2 


Cross section of reactor department: 1—containment; 
2—crane; 3—treactor; 4—holding pond; 5—trap instal- 
lation point 


The walls and bottom in the trap are made of high- 
temperature polyimides or other high-temperature poly- 
mers. Besides this, the bottom is covered with a layer 
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that consists of polyacrylonitrile or of similar polymers 
that have a boiling point below that of the core melt. 


The main hazard of a core meltdown is formation of 
the critical mass of fuel, and therefore the design must 
incorporate the capability of reducing this probability. 


Polymer materials that consist mainly of carbon and 
hydrogen are known to be good neutron absorbers, and 
some when pyrolyzed have the capability of localizing 
micromasses of fuel by encapsulation in carbon pellets. 
For example, polyacrylonitrile (PAN) carbonizes at a 
temperature above 360°C, and is converted to graphite 
above 900°C. A graphite capsule can withstand a 
temperature of more than 2500°C, especially in the 
absence of oxygen. The melting point of PAN is 
somewhat higher than 300°C, which is conducive to the 
mechanical formation of capsules under the action of 
fallout fuel particles. 


When the molten mass first enters the trap, some 
of the excess heat energy will be absorbed by the 
layer covering the bottom, so that within a brief time 
interval the molten mass will be in a specific aggregate 
State, partly neutralizing the action of radioactivity and 
lowering the temperature of the molten mass with 
simultaneous reduction of the probability of formation 
of a secondary critical mass in the meit. 


It should be noted that the range of polymer materials 
and composites with polymer binders that acquire 
a structure with minimum thermal conductivity and 
fairly high strength when pyrolyzed is expanding every 
year. Best known right now are aromatic polyesters, 
polysulfonoxyls, polysulfides, complex polyesters, EPP! 
polyimide foam plastic, and other high-temperature non- 
flammable synthetic materials based on polyimides and 
polyamides, or various kinds of composites made of 
carbon-reinforced plastics that absorb neutron radiation. 


To eliminate residual heat releases of the molten mass, 
the trap is filled with boronated water under hydrostatic 
pressure as a result of melting breakable inserts (9) in 
holes (8) (see Fig. 1). 


The steam-gas mixture is localized in the sealed cham- 
ber formed by the containment, designed for excess 
pressure of 0.1-0.3 MPa. It should be noted that in a 
hypothetical accident corresponding to Chernoby] level, 
the inner pressure of the sealed chamber does not ex- 
ceed 0.22 MPa (4). 


The standard nuclear electric power plant safety systems 
are used to reduce pressure in the sealed chamber. 


The trap uses the property of alloys to absorb energy 
during formation. The capability of forming alloys with 
components of a molten reactor core in materials of 
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the upper layer of the core trap is predetermined by . 


diffusion (solubility) of their ions. 


When the molten mass is caught, the layer (7) that 
covers the bottom (6) will be melted (see Fig. 1), which 
is conducive to dissolution of ions of the molten core 
mass in ions of the bottom cover layer (7). 


The use in the trap of polymer materials capable of 
absorbing neutrons and having the ability to localize 
micromasses of fuel by encapsulation in carbon pellets 
when they are pyrolyzed reduces the probability of 
escape of radioactive products beyond the confines 
of the sealed chamber and lowers the likelihood of 
formation of a secondary critical mass in the core melt. 


Conclusions 


1. To increase effectiveness and reliability when catch- 
ing molten components of a nuclear reactor (melt) in a 
trap, passive methods of localization are used that in- 
volve placing a trap made of high-temperature materials 
in a special protective housing designed to hold the melt 
flooded with water. The bottom is covered with a layer 
of polymers having a boiling point lower than that of the 
core melt, and the heat removal system is made in the 
form of holes in the walls that are provided with fusible 
inserts and that are used for injection of boronated wa- 
ter. 


2. The use of polymer materials in the trap that 
absorb neutrons and have the capability of localizing 
fuel micromasses by encapsulation in carbon pellets 
will lower the probability of escape of radioactivity 
beyond the limits of the sealed chamber and reduce the 
likelihood of formation of a secondary critical mass in 
the core melt. 


3. The use of less expensive polymer materials improves 
the economy of the trap. 


1. U. S. Patent No 712050 C 21C 13/10, “Device for 
Trapping Molten Reactor Components.” 


2. German Patent No 1118330 C 21C 9/00, "Device 
Trapping Molten Reactor Components.” 


3. British Patent No 1511620 C 21C 9/00 "Device for 
Trapping Molten Reactor Components.” 


4. Kirilov, A. N., “Construction Aspects of Nu- 
clear Electric Plant Safety, ENERGETICHESKOYE 
STROITELSTVO, No 8, 1989, pp 18-20. 
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Russian Experience With Rapid-Prototyping 
Described 

964D0064A Moscow NAUKA I ZHIZN in Russian 
Aug 95 No 8, pp 16-20 


[Article by A. Kulikov, Chief Designer, Moskvich Joint- 
Stock Company, and Valeriy Arsenyevich Zaytsev, Di- 
rector, Aelita-Konversiya Scientific Production Associ- 
ation: "A Computer Model That You Can Touch With 
Your Hands") 


[FBIS Translated Text] In recent years, computer equip- 
ment is being seen more and more often on the desk 
of the designer and creator of new machines and de- 
vices. In many design offices, most parts of future ma- 
chines are designed on personal computers. You enter 
the room where developers are working, and in place 
of the customary rows of large drawing boards you see 
only computer displays with glowing drawings that are 
“animated” besides: literally in front of our eyes the 
complicated parts of a future machine rotate, change 
outlines and dimensions and mate with other parts at 
the will of the designer. 


From Computer-Aided Design to Automatic 
Fabrication of Parts 


Computer-aided design (CAD) systems have been en- 
riched by many advanced programs. They allow not 
only comparison of different versions of the future item 
in the search for optimum designs, but also the acquisi- 
tion of important data for technologists, and even ver- 
ification of the strength of a part or of its individual 
components. Not without reason is it said that CAD is 
a real revolution in design work. 


Unfortunately, that cannot be said at present about 
the stages that follow design. In Russian practice, 
the computer-equipped design office generally produces 
conventional drawings (albeit they are increasingly 
coming from the pen of an electronic draftsman—the 
plotter), but after that, everything follows the familiar 
scenario: fabrication of several series of experimental 
models, testing of parts, correction. 


In some cases, the drawing is used only for checking 
and official confirmation of the designed part. Its math- 
ematical description, which is stored in the developer's 
computer, is input in one way or another, ¢.g. via a 
communications channel or on diskette, to a numeri- 
caily controlled machine tool that makes an experimen- 
tal model. Unfortunately, this process is not so simple, 
and often does not allow accurate reproduction of an 
item of complicated shape. 
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We Present Stereolithography 


The principle of the famous French sculptor Rodin is 
applicable to most traditional technologies of fabricating 
models of items: “I take the material and remove 
everything that is superfluous.” But a considerably more 
progressive technology is now taking its first steps: The 
part is fashioned, as it were, directly in accordance 
with data taken from the computer, and the required 
shape is obtained immediately without the need for 
cutting anything away. The basis of this technology is 
laminar synthesis of items from sheet, liquid and powder 
materials. 

One version of the new method is production of 
items of the necessary shape by building up solid 
layers formed from liquid photopolymer. The process 
of polymerization is triggered by a laser beam that on 
computer instructions at certain points in space converts 
the liquid photopolymer to a solid, forming the model 
(an exact copy) of the designed part layer by layer. For 
such a process, which is called the stereolithography 
(SLA), add-ons to conventional CAD software have 
been developed that allow information about the spatial 
shape of an item to be converted to information about 
the contours of its cross sections. Thanks to this, the 
designer can introou.* any changes into the geometric 
model on the computer, and they will be obediently 
taken into consideration in layer-by-layer buildup of an 
upcoming version of the model. 


In all facilities for stereolithography of parts from 
photopolymers, there is a tank of photopolymer, a 
moving platform or elevator for conveying the model 
to be synthesized, and a source of radiation. During 
synthesis, the laser beam is moved by a system of 
mirrors Over a Computer-assigned trajectory with high 
precision (tolerance within tenths or even hundredths of 
a millimeter) drawing the outlines of each layer of the 
model. 


There are several versions of stereolithography. In one, 
the photopolymer fills the entire volume of the tank, 
and the laser beam that outlines the upcoming layer 
of the model is incident on the liquid photopolymer 
from above. In another case, the photopolymer is poured 
into the tank only to the thickness of the layer to be 
formed, and the beam is incident from below through 
the transparent bottom of the tank. 


In irradiation of the photopolymer from above, the first 
layer of the future model (which would be the lowest 
part) is polymerized on a moving platform located above 
the tank. The platform is lowered gradually, by small 
steps; each time the photopolymer is flashed by the laser, 
and a new layer is built up. Following formation of the 
last, topmost, layer, the platform is raised, and the model 
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is taken out of the tank. Its strength is inadequate at this 
Stage, and the item is hardened by intense radiation in 
a special chamber. The process ends with mechanical 
finishing. 


Stereolithography: The First Three Jobs 


The use of SLA considerably lowers technological con- 
straints in the design of items, as it enables reproduc*ion 
of parts of practically any shape. For the same reason, 
the advantages of SLA show up best in fabrication of 
atypical parts of intricate shape that are difficult to pro- 
duce by conventional processing methods, especially if 
they have to be made in several modifications. 


Outside of Russia, stereolithography first began to 
be used in the seventies for making toys, replicating 
sculptures, in topography for making models of relief of 
the terrain, in architecture, and in medicine. Later, with 
the advent of liquid photopolymer materials having new 
properties and three-dimensional computer graphics, 
SLA began to develop much more rapidly. 

In recent years this process has been used in the United 
States, Japan, Great Britain, France, Germany, Israel and 
Russia for producing intricately shaped items. About 
1000 facilities for stereolithography are operating in 
industrially developed countries, of which more than 
700 were produced by the U.S. company 3D Systems. 
The 3D stands for “three dimensional.” Items with 
optimum parameters are produced on these facilities, so 
that practically all motor vehicle, aerospace, electronics 
and sundry companies that are producers of high-tech 
goods are making effective use of 3D Systems facilities. 
For example, there are 7 SLA facilities in operation at 
Ford Motor Company, 6 at Chrysler Corporation, and 4 
at Mercedes-Benz. 3D facilities are being used chiefly 
for making experimental models of new parts. For 
example, in developing a new model of Chrysler's Jeep 
Eagle, 287 parts were made by using SLA. Facilities are 
working without rest, 24 hours a day, 7 days a week, 
and according to the company each of them saves about 
5 million dollars a year. 


Patterns and models produced by stereolithography 
are used not only to evaluate their geometric shape 
and relative location of various parts in the item 
being designed, but recourse is also taken to SLA 
to considerably simplify and shorten the long and 
expensive process of fabricating processing tooliag: 
molds and dies. In this case, a plastic master pattern 
designed by computer and built up from photopolymer, 
an exact copy of the geometric model of the future 
item, is used as the standard for making tooling by a 
conventional technique. 
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it is worth going into greater detail regarding this most 
crucial SLA on. Nonmetallic master patterns 
have been used for a long time: wooden patterns have 
been traditionally used for making molds on tracer- 
controlled milling machines, plastic patterns can be 
copied, for example, by the electroforming method. In- 
tricate master patterns up until now, as a rule, have been 
made manually by highly skilled pattern makers. CAD 
and SLA can be used for computer-aided fabrication of 
master patterns, and from these the processing tooling 
can quickly be produced by standard operations such as 
casting or stamping. 


Stereolithography considerably reduces the time for the 
designed item to reach the market by shortening the cy- 
cle from concept to finished item. One can readily un- 
derstand that under conditions of stiff competition, par- 
ticularly in motor vehicle construction, where changes 
have to be made in designs especially often, this confers 
quite an advantage. No less significant is the capability 
of making items of the most complicated configuration 
with tight tolerances. Finally, with the advent of SLA 
the developer can hold in his hands the part that he has 
created almost immediately, make necessary changes 
without great expenditures of effort and time, and in- 
stantly see the “live” result. 


SLA has one advantage that is yet to be completely 
realized: This technology can be used to rapidly produce 
intricate custom ordered items. Such a need arises in 
particular in medicine. Imagine that some prosthesis 
has to be made for a joint, cartilage or bone fragment, 
and implanted into the human organism. By using 
SLA, a model of this implant can be custom-made 
in a matter of only an hour or so by computer-aided 
tomography: The mathematical description of the future 
implant is immediately transferred from tomograph to 
SLA facility. 


Roads to Russian "3D" Facilities 


Nowadays, when the purchase of imported equipment 
is becoming the norm, people who are still trying to 
make something of their own are considered eccentric at 
the very least. But at the same time, these “eccentrics” 
are resisting the sliding of a once powerful industrial 
nation into the mire of a “raw materials” or “colonial” 
economy. 


Even in Soviet days, the idea of using stereolithography 
for making parts of intricate shape was first advanced 
in the early eighties by candidates of technical sciences 
Viktor Ivanovich in, chairman of the machine 
building department of Vitebsk Technological Institute, 
and Stanislav Vladimirovich Skorodumov, a leading 
scientist of Moscow Aviation Institute. In 1984 in 
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Minsk, "Nauka i tekhnika" published a book by V. 
I, Goryushkin, “Principles of Flexible Manufacturing 
of Components of Machines and Instruments,” setting 
forth the author's ideas about computerized production 
of machine components based on flexible machining 
processes. Among these was stereolithography itself, 
specifically the process involving buildup of a liquid 
photopolymer under the action of laser emission. 


The first Soviet facilities for SLA made their appearance 
in the early nineties. The method and device for 
fabricating items by stereolithography are protected by 
Soviet and U. S. patents. A considerable advantage of 
the patented Soviet method (authors G. A. Abakumov, 
V. A. Zaytsev, L. A. Mashinskiy, V. A. Murayev, S. 
L. Novozhilov, V. D. Tikhonov, V. K. Cherkasov, S. 
A. Chesnokov and V. N. Dzegilenok) is the capability 
of making large models with dimensions up to a few 
meters. Using Western technology, this would require 
filling the tank with photopolymer commensurate with 
the mass of the given model (for a truck body, that 
would be a few tons), but in the Soviet technology, 
the model would be built up layer by layer, adding 
comparatively small amounts of photopolymer to the 
tank. In this way it is possible to produce a large 
hollow model of almost any configuration with internal 
stiffeners. The main idea of the invention is that a laser 
beam is situated obliquely to the plane of the cross 
section, or in other words it moves at a certain specially 
calculated angle to the surface of the layer being formed. 


== 


In conventional stereolithography, parts are produced 
with a stepped surface (right). The method proposed 
by the group of Russian engineers (Soviet Patent No 
1821017, U.S. Patent No 5217653) enables a practically 
stepless article to be formed (left) from a smaller 
number of thicker layers. The precision of model 
fabrication will be much greater than that of the 
conventional process. The laser beam is directed at the 
part being formed at a prescribed angle, and this is what 
produces the stepless conical surface of the item. 
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On each pass of the laser, a layer is formed with a con- 
ical lateral surface most accu.ately approximating the 
surface of the initial item prescribed by the mathemati- 
cal model. The thickness of the layer can be varied from 
a fraction of a millimeter to several centimeters. 


In 1991 AZLK (today Moskvich Joint-Stock Company) 
and Aelita-Konversiya Scientific Production Associa- 
tion decided to join forces to develop a facility for mak- 
ing items by stereolithography. It is planned that this 
facility in automatic operation will produce prototypes, 
models and patterns of motor vehicle parts, subassem- 
blies and aggregates. The shape of the surface of pho- 
topolymer models will be transferred to process tooling, 
¢.g. to compression molds, by methods of electroform- 


ing or metal sputtering. 


The Aelita-1 experimental facility with working field 
of 100x100x100 mm has already been produced, and is 
being installed and adjusted in one of the departments of 
the Administration of Design and Experimental Projects 
of Moskvich Joint-Stock Company. This facility uses 
a laser beam scanning system that was developed at 
"Polyus" Scientific Research Institute (chief designer 
Andres Marianovich Moyya) and is series-produced 
at the Ulyanovsk Vacuum Tube Plant. (Incidentally, 
facilities based on such systems are being produced at 
Marker TOO [expansion not known) for laser marking 
of items, and are in great demand.) Work is in progress 
on developing the Aeclita-2 facility with working field 
of 250x250x250 mm. 


It is interesting to note that the Scientific Research 
Institute of Technology of the Motor Vehicle Industry, 
NIITavtoprom Joint-Stock Company and ASM-Holding 
Joint-Stock Company have acquired two facilities made 
by the U.S. 3D Systems Company: the SLA-250 with 
photopolymer tank dimensions of 250x250x250 mm and 
the SLA-500 with dimensions of 500x500x500 mm. On 
the basis of these facilities, they have set up the Center 
for Laser Stereolithography (another name for SLA). 
Jobs of the Center are to develop new manufacturing 


processes using stereolithographic models, oe 
of intricate shape by orders of industrial enterprises, and 


Imported photopolymers are used in series produced 
Western facilities, in particular in the ones operating 
at the Center of Laser Stereolithography in Moscow. 
Their cost is rather high, and therefore the overhead 
expenses for the year may exceed the cost of the 
facilities; however, when used rationally they will pay 
for themselves within a year. 


A Russian photopolymer for SLA has been developed 
in Nizhniy Novgorod at the Institute of Organometal 
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Chemistry under the supervision of Gleb Arsentyevich 
Abakumov, associate member of the Russian Academy 
of Sciences. This photopolymer is not only much less 
expensive than the imported material, but it also hardens 
faster (within a few seconds) in thin and thick layers (up 
to 20 mm), even at room temperature. 


A litde more than 10,000 dollars was spent to fabricate 
the Aelita-1 facility. Taking part in allocation of these 
monies, in particular, was the Ministry of Science 
and Technical Policy in accordance with the program 
“Technologies, Machines and Production Facilities of 
the Future.” However, putting the facility into service 
will require about 50,000 dollars more, not really a lot if 
we recall the prices of Western machines and take into 
consideration that even Aelita-1 will shorten the time 
of development of many items by a factor of 5-10 as 
compared with conventional technologies. 


As far back as 1990, the Ministry of the Machine and 
Tool Industry determined the need for SLA facilities 
in Russia. It was found that this industry needs at 
least 1000 facilities, and they are needed not just by 
machine tool builders. Prototyping and implementation 
of designer features will require 5,000- 10,000 facilities, 
and fabrication of small molds will require 50,000- 
100,000, We will scarcely be able to satisfy the growing 
demands by buying facilities for SLA abroad. So if 
we want to arm ourselves with new and effective 
technology, we first of all must think about series 
production of Russian facilities. Indeed, everything 
needed is already in place: developments, production 
base and experimental specialists. 


Belarus Metallurgists Study Rapid-Prototyping 
Technology 

964D0064B Kiev POROSHKOVAYA 
METALLURGIYA in Russian No 3-4, Mar-Apr 95 
pp 32-37 


[Article by N. K. Tolochko, §. Ye. Mozzharov, N. V. 
Sobolenko, I. A. Yadroytsev, V. I. Goryushkin, and 
V. S. Dubovets; Vitebsk Department of the Institute 
of Solid State and Semiconductor Physics, Belarus 
Academy of Sciences; manuscript received 18 Oct 
93; UDC 621.762: “Selective Layer-by-Layer Laser 
Sintering of Powders: Problems and Outlook") 


(FBIS Translated Text) The authors look at the current 
status, problems and outlook for development of a new 
field in powder metallurgy: selective layer-by-layer laser 
sintering. This process can produce three-dimensional 
powder items without the use of conventional shaping 
methods. The paper gives results of experiments in using 
the proposed process for solid-phase and liquid-phase 
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sintering of single-component powders and multicompo- 
nent mixtures based on metals, ceramics and polymers. 


In recent years we have seen intensive development 
of a fundamentally new area in the field of producing 
items with a variety of functional purposes that is based 
on using Sola processes (rapid 
are radically changing 


They have a common source that consists essentially in 


layer-by-layer formation of components of an item with 
subsequent merging (assembly) into a monolithic whole. 


, computer-aided design is the first step in 
developing a new item. The geometric model of the 
item is cut up layer by layer into individual cross 
sections. The resultant information file is transferred to 


the computer of a processing unit where the item is 
directly produced. The shape of each of the components 
to be assembled corresponds to the shape of planes that 
cut through the item in a prescribed direction. Thanks 
to this, it becomes possible to produce items of complex 
spatial geometry without using conventional expensive 
compression molds, dies, casting 
or various kinds of machining of 
workpieces that require considerable expenditures of 
materials. 


: 
a 
5. 


formed sections of layers onto each other [2-5]. The 
nature of this method, practical difficulties 


multiple-step 
of putting it into operation, and the extreme paucity 


laser sintering, has only a few experimental models of 
the corresponding processing units (8). 


Further development of the method requires working 
Out a systems approach to conducting scientific and 
technological research and defining priorities. In this 
regard, it is important not only to ascertain the basic 
processing problems that have to be solved first, but 
also to note the most promising fields of application with 
consideration of potential capabilities. This paper takes 
a brief look at these issues. In writing it, the authors 
were guided primarily by their own experimental results, 
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which are chiefly tentative, and also by known literature 
data (unfortunately very few in number). 


The experimental facility contained an LTN-103 YAG 
laser, a metal substrate, a unit for relative displacement 
of the laser beam and substrate, a unit for sequential 
application of powder layers on the substrate, which 
included a hopper and mechanical sifter, and a pressure 
plate for pushing the powder layers into the substrate. As 
a rule, laser treatment was done by a parallel beam with 
diameter of a few millimeters directed perpendicular to 
the substrate. When necessary, sintering was done in a 
shielding atmosphere, in which case the substrate was 
placed in a special chamber equipped with a cover that 
was transparent to radiation. 


The experiments were done both under conditions of 
solid-state sintering and under conditions of formation 
of a liquid phase. Solid-phase sintering was done on 
powders of PGIONO! nickel alloy, PMS-1 copper, 
PKh23N18 iron and PTOM titanium. In liquid-phase 
sintering, two-component systems were used in which 
one of the components had a higher temperature of 
transition to the liquid state. The components that 
formed the liquid phase in sintering were low-melting 
metals (tin, lead) and polymers (epoxy compounds PEP- 
219 and UP-2191 K; Prokatril-M). The high-melting 
components were the aforementioned metals (60-80% 
by volume) in systems of metal-metal and polymer- 
metal type, ceramics (70% by volume), specifically 
aluminum oxide, hydroxyapatite, barium ferrite, and 
Portland cement in systems of polymer-ceramic type, 
and also aluminum oxide (70% by volume) in systems 
of metal-ceramic type. 


Leaving aside the detailed description of specific fea- 
tures of the process of sintering of materials of each 
type (which in and of itself may become an item of 
independent research), let us note only the most com- 
mon features that are fundamentally problematic. We 
readily note that the laser sintering process includes 
some known approaches that are inherent in conven- 
tional methods of powder metallurgy (9, 10] and laser 
treatment {11}. At the same time, it differs in some spe- 
cific features that are due to the selectivity of laser action 
on local sections of powder layers. 


One of the basic indices of any manufacturing process 
is its productivity. In the case under consideration, 
the total time for fabrication of an item is determined 
by the thickness of the layers that make it up, and 
the time of formation of each layer. At a prescribed 
power of laser radiation, which has to heat the powder 
sufficiently to sinter it in a certain temperature range, the 
layer thickness must not exceed the depth of possible 
sintering within a given period of exposure. The degree 
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and rate of heating depend on the thermal conductivity 
of the powder, its compaction, absorptivity, and other 
factors. Therefore in each specific case it is necessary to 
select the optimum ratio between the maximum possible 
thickness of the powder layer and the minimum possible 
time of laser exposure of its local sections. In this 
context, it is important to assure not only sintering of the 
powder in the layer, but also baking onto the underlying 
previously sintered section of the powder body. 


The experiments showed that increasing the time of 
exposure of comparatively thick powder layers for 
the purpose of complete sintering penetration is far 
from always justified from the practical standpoint, and 
sometimes does not produce the desired result. An 
important point is selection of the sintering process. 
We will demonstrate this by the example of solid-phase 
sintering of pourable nickel alloy powders. The powder 
was first heated by a laser beam that was stationary with 
respect to the substrate (this technique yields items of 
rod type; the shape of their cross section can be set by 
the shape of the mask window through which the beam 
passes). The beam was shut off for brief periods (1-1.5 
8) of application of successive layers of powder. In this 
operation, the lower sintered layers did not have time 
to cool off, and retained a high temperature sufficient 
for baking onto them new batches of powder, which 
usually could be heated by no more than 2-3 s of laser 
action at maximum energy flux density of 30 W/cm’ 
and poured layer thickness of 200-300 um. Here the 
maximum energy flux density is taken to mean the level 
to which it is gradually brought as the initial number of 
sintered layers increases, accompanied by considerable 
intensification of heat removal from the exposed surface 
of the powder body. In our case, starting at a specimen 
height of 3-4 mm, no additional increase in energy 
was needed for sintering subsequent layers. As a result, 


Ef 
+ 
: 


feeding in the next powder layer, additional time will 


situation like this was 


elementary sections of the powder layer are under the 
effect of exposure for roughly 10-20 s. By way of 
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comparison, we note that in the process of liquid-phase 
sintering of polymer-metal systems at an energy flux 
density of 10 W/cm’, which is sufficient for converting 
the polymer to a liquid state, and thickness of pourable 
powder layers of the order of 200-300 }gmm, the rate 
of displacement of the beam over the surface of a layer 
may be 1-2 mm/s or more. 


Brevity of laser exposure may give rise to changes in 
the nature of the sintering process on various stages, 
each having certain characteristic mechanisms of heat 

and structural rearrangement of the powder 
body (9, 10]. Since sintering time in the given case is 
extremely short, the process will acquire predominant 
development primarily in cases where it is taking place 
most rapidly. A consequence of this might be changes 
in the degree of compaction and strength of sintered 
items. 


It has been established that cohesion of particles may 
be considerably increased if items produced by laser 
sintering are additionally annealed in a furnace. We 
annealed powder bodies formed by both solid-phase 
and liquid-phase sintering. In particular, polymer-metal 
systems were heat-treated. The polymer was burned out, 
and a metal body was formed (as usually occurs in solid- 
phase sintering). 


The parameters of laser radiation may have a consider- 
able effect on the accuracy of reproduction of the shape 
of an item. With excessive heating, the powder will be 
sintered not just in the zone of direct action of the beam, 
but also beyond it (as a result of heat exchange). For 
practical purposes, it is important that this process be 
local and controllable. However, in some cases, for ex- 
ample when sintering tightly compressed metal powder 
that has high thermal conductivity, the material may be 
rapidly heated throughout its volume. As a result, the 
process of laser heating loses its selective nature. This 
process has had to be reckoned with in particular during 
solid-phase sintering of powder layers of copper com- 
pacted under a pressure of 20 MPa or more, when the 
energy of radiation goes out to heat the entire specimen. 


In laser sintering of powders, consideration must be 
taken of their difference in absorptivity with respect 
to long-wave radiation. The need for this comes up 
especially when sintering multicomponent systems. A‘ 
first, due to the energy of radiation, heat goes primarily 
to particles that are more capable of absorbing it. 
The remaining particles that have lower absorptivity 
are heated after these as a result of heat exchange. 
Obviously, heat propagation of this kind may result 
in change in development of the sintering process on 
individual stages, especially in cases where there is a 
significant difference not only in absorptivity, but also 
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in sintering temperatures, and, in the case of liquid- 
phase sintering — in temperatures of both sintering 
and melting of various components of the system. This 
feature of laser heating of powders may be put to use 
in practice: By sintering under the action of less intense 
radiation, energy expenditures may be reduced, which 
has been observed in solid-state sintering of compacted 
copper powders. For example, in the case of sintering 
pure copper, the power of radiation at a wavelength 
of 1.06 ym reached 150 W, when sintering a powder 
mixture of 50% Cu and 50% Fe it dropped to 120 W 
due to the greater absorptivity of iron, and when copper 
was sintered with the addition of 10% carbon, it was 
about 100 W. 


The results of such experiments convincingly show the 
great potential capabilities of the process of selective 
layer-by-layer laser sintering, enabling production of 
powder parts of intricate shape with various functions. 
Their design, density and physicomechanical proper- 
ties can be varied over a wide range depending on the 
technological parameters and properties of the powders 
that are sintered. Items of the required shape produced 
by laser sintering may be put through additional treat- 
ment, in particular annealing and infiltration (impregna- 
tion with molten metals or polymers) to improve their 
qualitative characteristics. 


Further development of processes of laser liquid-phase 
sintering is of particular interest due to the possibility 
of using a wide array of composition materials. For ex- 
ample, the process has been used [1-5] to produce items 
of ultrahard materials (cobalt-tungsten carbide system), 
bronze (tin-copper system subjected after sintering to 
annealing with formation of a solid solution), various 
kinds of metallopolymers, glassceramics, and so on. 


In talking about the outlook for selective layer-by- 
layer laser sintering, it should be noted that its use 
is most effective primarily under conditions of custom 
and short-series production, where conventional shaping 
methods become economically disadvantageous because 
of the high cost of tooling. This is where the main 
advantage of the process — production superflexibility 
— becomes decisive. This technology can be used for 
making the most diverse powder items that are typified 
by intricacy of three-dimensional shapes: components 
of machines and instruments, cutting tools, filters, 
master patterns, casting molds, compression molds, tooi 
electrodes, internal prostheses and so on. 


In addition to the aforementioned problems that pertain 
directly to various sintering processes, there are some 
others that will have to be solved before this technology 
can be successful. These involve automation and com- 


puterization of equipment operation, raising equipment 
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reliability, development of effective means of shaping 
and compacting powder layers, and producing shield- 
ing atmospheres for sintering. However, despite these 
problems in the practical realization of laser sintering 
technology, there is every reason for believing that it 
will gain wide currency in the near future. 
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Russia: Compact Absolute Pressure Sensors 


964D0155A Moscow PRIBORY I SISTEMY 
UPRAVLENIYA in Russian Sep 95 No 9, pp 8-10 


[Article by A. V. Beloglazov, V. 1. Yevdokimov, V. 
I, Sukhanov, Ye. V. Kotlyarevskaya, O. P. Koshevoy; 
UDC 681.586°33) 


{FBIS Summary) This paper describes the design of ab- 
solute pressure sensors and presents basic specifications. 
These sensors are intended for use in monitoring and 
regulation systems for aircraft engines to make engine 
Operation more efficient. The sensors are based on the 
use of the tensoresistive effect in a heteroepitaxial layer 
of silicon on a sapphire substrate. Three sensor configu- 
ration designs are considered and presented. The specifi- 
Cations show that the sensors can be used in a wide tem- 
perature range and in the presence of vibration, shock, 
and other effects. Methods used to reduce measurement 
error due to temperature are described. Figures 3; refer- 
ences 7 (Russian). 


Specifications limit of measurement, MPa — 
0.16; 0.6; 1.6; 2.5 


Curreat, mA — 3 
Range of output signal, mV — 100+/-1 


ENGINEERING AND EQUIPMENT 43 


Initial output signal, mV — +/-1 

Nonlinearity, % — +/-0.15 

Variation of output signal, % — <0.1 

Zone of sensitivity, % — <0.05 

Working range of temperatures, “C — -60 to +150 
Error due to temperature effects, %: 

/nvm+20 to +120°C — +/-1 

/m/m-40 to +120°C — +/-2 

/m/im-60 to +150°C — +/-3 


Error due to vibration at 5-2500 Hz with amplitude 
acceleration up to 30 m/s*, % — +/-0.1 


Change in output signal after temperature cycling (-100 
to +150°C), % — +/-0.1 


Attachment, screw thread — M10 x 1.25 
Dimensions, mm — 36 x 90 


Weight, kg — 0.15 
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Russia: Efficacy of Urgent Preventive and 
Therapeutic Action of Immunomodulators in 
Experimental Filovirus Infections 


964D0209A Moscow ANTIBIOTIKI | 
KHIMOTERAPIYA in Russian May 95 Vol 40 No 5, 
pp 24-27 


[Article by A. N. Sergeyev, M. Yu. Lub, O. V. 
Pyankov, O. G. Pyankova and L. A. Kotlyarov, Scien- 
tific Research Institute of Molecular Biology, "Vektor" 
State Science Center of Virology and Biotechnology, 
Koltsovo, Novosibirsk Oblast; manuscript received 31 
Jan 95; UDC 615.37:616.9-092.9} 


(FBIS Translated Text] The Russian and foreign liter- 
ature contains a small body of information on evalu- 
ation of the preventive and therapeutic effect of some 
immunomodulators in Marburg [1, 4] and Ebola [2, 3} 
infections. All references pertain to illnesses caused by 
contagion of people and animals through the outer skin. 
At the same time, almost no such data have been offered 
with respect to susceptibility of aerogenically infected 
macroorganisms, even though the method of penetra- 
tion of the virus through the respiratory passages might 
be — in accidents that may arise under laboratory 
conditions when working with agents that cause viral 
diseases 


In this connection, the purpose of our study has been to 
investigate the urgent preventive and therapeutic effect 
of immunomodulators ridostine, reaferone and polyri- 
bonate in combination and separately in experiments on 
animals aerogenically infected with Ebola and Marburg 
viruses. 

Material and Methods 


In our work we used Marburg virus (strain Rorr) and 
Ebola virus (strain Zaire, variant 8 M.S.) passed three 
and eight times respectively through the organism of 
guinea pigs. The experiments were done on guinea pigs 
massing 180-200 g. 


Aerosolic infection of the guinea pigs was carried out in 
a small dynamic chamber at relative humidity of 50-70 
percent and temperature of 20-24°C, using homogenates 
of guinea pig liver containing the Marburg or Ebola 
virus. The of infection were 5-20 times the 
respiratory LD,, for guinea pigs. The chamber enabled 
simultaneous infection of 10 guinea pigs. The flowrate 
of aerosol in the exposure channel was 10 cm/s, the time 
of aerosol passage through the entire chamber being 5-7 
$s. 


The infectious material was atomized by a BG-2 bio- 
logical aerosol generator. The mass median diameter of 
aerosol particles was 1.1 ym. 

The aerosol was diluted by a batching aerosol attach- 
ment, changing diaphragms of the output orifice from 
0.5 to 6 mm. Aerosol were taken into microcy- 
clone separators, each precharged with 10 mi of liquid 
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sorbent consisting of Hanks solution containing 2 per- 
cemt (by volume) of inactivated bovine blood serum, 
100 active units per ml of benzylpenicillin and 100 jg/ 
ml of streptomycin. The volumetric rate of aerosol sam- 
pling was 10.0 +/- 0.5 liters/min. 


The biological concentration of Marburg and Ebola 
viruses in the microcyclone samples was determined 
from results of analysis by titration on guinea pigs 
intraperitoneally injected with the material in a volume 
of 0.5 ml, and by the method of platelets on a culture 
of Vero cells respectively. 


The animals were kept under observation for 21 days. 
The specificity of death of the guinea pigs was eval- 
uated by pathomorphological autopsy and electron mi- 
croscopy of the organs of dead animals. 


Drugs used as medicines were reaferone, ridostine and 
polyribonate produced (in accordance with approved 
documentation) at "Vektor" RF State Science Center of 
Virology and Biotechnology. 


Statistical processing of results was done by Student's 
method. 


Results and Discussion 


Preliminary studies that we did on urgent preventive 
and therapeutic treatment of guinea pigs aerogenically 
infected by Marburg and Ebola viruses with administra- 
tion of ridostine, reaferone and polyribonate (intraperi- 
toneally only) in doses and at times that are to be de- 
scribed below, showed no favorable effect of these drugs 
on the course of experimental infections in the animals. 
This prompted us to do some additional studies relating 
to investigation of the specifics of a pic- 
ture of illness in aerogenically infected animals. 


As a result of our experimental work, it was found that 
the organ of primary reproduction of Marburg and Ebola 
viruses in the experimental animals is the lung. Then 
within 3-4 days after infection, the disease-causing agent 
begins to appear in the blood, and subsequently in many 
other organs of the animal 


In this connection, the method of preventive therapeutic 
administration of the test drugs was changed to com- 
bined intranasal and intramuscular injection to deliver 
the medicines to the organs and cells of primary and 
secondary reproduction of viruses. 


To study ue urgent preventive action of immunomod- 
ulators in experiments on aerogenically infected guinea 
pigs, the drugs were administered individually and in 
different combinations as follows: reaferone—in a dose 
of 250,000 mass units 2 hours after infection, and then 
twice a day for two weeks; ridostine—in a dose of | 
milligram 2 hours, 2 days and 4 days after infection; 
polyribonate—in a dose of 5 mg 2 hours, | day and 2 
days after infection. All these medications were given 
intramuscularly and intranasally (under ether as anes- 
thetic), dividing the inoculate into two equal parts by 
volume (0.25 ml each). 
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The results of these studies are summarized in tables | and 2. 








Table 1. Efficacy of urgent preventive action of drugs in experiments on guinea pigs (n = 15) aerogenically infected witn 
$-20 times the respiratory LD,, of Marburg virus 


























Medication Average Metime, | Probability of difference of | Number of surviving | Probability of 
days average WMfetime of animals, % difference of 
expertmental animals from number of 
control by Student’s test, surviving 
* animals from 
control, % 
Reaferone 10.2 80 0 0 
Rudosune 11.4 85 20 90 
Polyribonate 10.9 19 0 0 
Reaferone + ridostine 10.8 7 0 0 
Reaferone + ridostine + polyribonate 10.0 x6 14.3 69 
Reaferone + ridostine + polyribonate 100 
(without infection) 
Control (infected animals) 10.7 . 0 

















Note: Here and in Table 2, “-" means that the given quantity was not determined. 











Table 2. Efficacy of urgent preventive action of drugs in experiments on zuinea pigs aerogenically infected with 5-20 
times the respiratory LD, of Ebola virus 


























Medication Number of Average Probability of Number of Probability of 
animals in Mfetime, days | difference of average surviving difference of 
experiment Hfetime of animals % number of 

anim al surviving animals 
from control by from control, % 
Student’s test, % 

Reaferone 17 14.5 64 12 61 

Rodostne 16 14.4 44 49 

Polyriboaate 17 13.9 40 6 49 

Reaferone + ridostine 14 16.1 96 14 66 

Reaferone + ridostine + 16 14.6 66 0 49 

polyriboaste 

Reaferone + ridustine + 15 : . 100 

a 

Control (infected anit als) 16 13.2 - 6 




















ht cam be seen that there is some positive effect of reduction in the number of dead experimental animals (p 
preventive treatment of Marburg virus only when = 0.1), and their average lifetime increases as compared 
is used (Table 1). With this treatment there is a with the control group (p = 0.15). 
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In analyzing the study results summarized in Table 2, it 
should be noted that only the combined administration 
and reaferone to guinea pigs aerogenically 
infected with Ebola virus had a significant positive 
effect expressed as an increase in average lifetime of 
these animals by comparison with the control (p = 0.04). 


series of experiments, a study was done 
the therapeutic action of medications in 
experiments on guinea pigs acrogenically infected with 
Marburg or Ebola virus. In this study, treatment of the 
animals with the medications began 4 days after their 
a i.e., from the instant that they showed the first 


Clinical symptoms of the disease (hypothermia, leukope- 


| 


sequent times of administration of drugs were the same 
as in the preceding experiments. 


The results of these tests showed no appreciable pos- 
itive effect for the tested drugs in different treatment 


Thus it was found that the use of urgent preventive 
measures on acrogenically infected animals (dose of in- 
fection 5-20 times the respiratory LD,,) with selected 
schedules of drug administration had a favorable effect. 
For example, in the case of Marburg virus, intramuscu- 
lar and intranasal administration of ridostine gave the 
animals a measure of protection against this infection 
(p = 0.1), and with a probability of 85 percent extended 
their lifetime (by 2.4 days). In the case of Ebola virus, 
combined intramuscular and intranasal administration of 
ridostine with reaferone to guinea pigs reliably (p = 
Hy increased average lifetime for these animals by 
9 days. 


At the same time, none of the tested medications gave 
a significant positive effect when used individually 
and in different combinations with selected treatment 
schedules on guinea pigs acrogenically infected with 
Marburg or Ebola viruses. 
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Structure of Morbidity of Population of Republic of 
Kazakhstan 

964D104A Almaty AZIYA-EZH in Russian Oct 95 

No 16, p7 


[Article based on data of Kazakhstan State Committee 
for Statistics] 


{FBIS Translated Text] Worsening of the economy has 
affected the rise in incidence of some diseases. In the 
last few years there has been a trend toward rise in 














overall morbidity of the population: 
1991 $6.3/100,000 
1992 57.8 
1993 58.1 
1994 64.1 








Last year, 14.1 million illnesses, or 64,100/100,000 pop- 
ulation were recorded on the basis of visits to medical 
institutions; medical attention is sought more often by 
the adult population (87.5/100,000), less by adolescents 
(65,600); children constitute 80,500/100.000. 


As to morbidity structure, respiratory organ diseases are 
in first place (31 percent of those seeking attention). 
Diseases of the nervous system and sense organs are 
in second place (11 percent) according to frequency 
of seeking medical attention, digestive organ diseases 
are in third place (10 percent), followed by circulatory 
diseases (7 percent), infectious diseases of the skin and 
subcutaneous tissue (6 percent), mental disorders (5 
percent), trauma and poisoning (6 percent), and other 
diseases constitute 13 percent. 


For many years there has been a high incidence of 
tuberculosis among the population of this republic, 
and it has become a national disaster. The number of 
patients is in excess of 50,000. The incidence of active 
tuberculosis is still highest — 59.7 percent/100,000 
population (versus 35.8 in Russia, 30.1 in Tajikistan, 
and 43.5 in Uzbekistan). 


The incidence of tuberculosis as a whole in this repub- 
lic has diminished and constituted 268 cases/100,000 
population in 1994 versus 397.4 in 1980. The share of 
patients with the destructive form of tuberculosis has 
increased to 40.2 percent in 1994, versus 39.7 percent 
in 1980. A rise in this indicator is observed in South 
Kazakhstan Oblast and the city of Almaty. 


The share of patients with fibrocavernous pulmonary 
tuberculosis among newly registered patients constituted 
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2.5 percent, versus 2.7 percent in 1980. In Kostanay, 
Zhezkazgan and Karaganda oblasts there has been a 
significant rise in this indicator, from 0.2-2.4 percent 
to 3.3-9.4 percent, whereas there was an appreciable 
decline from 10.5 percent to 4.1 percent in Torgay 
Oblast. 


Two-thirds of the new cases of tuberculosis are males. 
About 60 percent of them are 18 to 50 years old. Mortal- 
ity due to tuberculosis was 8-12 times higher than in de- 
veloped countries, constituting 17.6/100,000 population 
(17.2 in 1980), and disability constituted 16.2/100,000. 
The death rate due to tuberculosis is still quite high 
in West Kazakhstan, Zhezkazgan, and Semipalatinsk 
oblasts (23.5-32 cases/100,000 population) and it is ex- 
tremely high in Atyrau Oblast (35.2). 


There is less testing of the public for tuberculosis, and 
coverage with such tests constituted 43.4 percent in the 
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republic as a whole in 1994 versus 62.6 percent in 
1980. This indicator is still considerably lower than the 
republic mean in Taldy-Korgan (23.4 percent), Zhambyl 
(24.6 percent), Mangistau (35.2 percent), and Karaganda 
(36.1) oblasts. The share of new cases detected during 
check-ups has diminished insignificantly. Thus, for the 
republic as a whole this indicator averaged 49.6 percent 
in 1994 versus 59.5 percent in 1980. In Atyrau, South 
Kazakhstan, Mangistau, Zhezkazgan, and Akmolinsk 
oblasts the share of new cases detected during check- 
ups is considerably greater than the republic mean 
(60.0-68.9 percent), whereas in Zhambyl, Torgay and 
Paviodar oblasts it is considerably lower (34.5-38.0 
percent). 


More than 2 million people per year contract various 
infections. The number of cases of various infectious 
diseases per 100,000 people is as follows: 






































1980 1990 1991 1992 1993 1994 
Acute intestinal infections 623.8 414.1 412.9 320.9 356.5 319.9 
Salmonella infections 66.0 $1.5 $2.5 55.4 40.8 30.6 
Viral hepatitis 415.1 479.7 366.3 300.4 254.8 236.8 
Influenza and acute respiratory tract infections 15130.0 17309.0 16272.0 15778.0 17801.0 11893.0 
Diphthena 0.1 0.2 0.2 0.3 0.5 29 





The incidence of acute intestinal infections decreased 
to almost one-half in the 1980-1994 period. While 
morbidity declined from 623.8 cases per 100,000n 
population in 1980 to 319.9 in 1994, it rose in Mangistau 
Oblast from 472 to 720, and in Leninsk from 645 to 
899 cases. Viral hepatitis is still the most widespread 
form of infectious disease; its incidence has diminished 
constituting 236.8 cases/100,000 population in 1994 
(415.1 in 1980). There is a high level of viral hepatitis in 
Zhezkazgan (544.3), Zhambyl (470.6), Mangistau (491) 
and South Kazakhstan (421.1) oblasts. 


Diphtheria is spreading rapidly. There were 461 cases 
this year (13 in 1990). The incidence is particularly high 
in Semipalatinsk Oblast and the city of Almaty: 151 and 
101 cases, respectively, were detected in June alone of 
this year. 

The incidence of sexually transmitted diseases is 


presently on the rise. The worsening of standard o 
public affect their 
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imtensive indicator for such morbidity (per 100,000 
2.6 cases in 1994 (18.1 in 
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1980). The greatest rise in incidence of all forms of 
syphilis in the last 14 years (per 100,000 population) 
was noted in Mangistau (7.6 cases in 1980, 68.2 in 
1994), West Kazakhstan (5.2 and 44.9), and Aktyubinsk 
(7.9 and 29.4) oblasts. This year, the largest number of 
cases of this disease was recorded in the city of Almaty 
(112.6 cases), Mangistau (68.2), Kostanau (44.9), and 
Almaty (42.9 oblasts. 


The incidence of gonorrhea has remained at the 1985 
level (111.8 cases/100,000 population in 1985, 1116 in 
1994). 


There was a rise in incidence of dermatomycosis and 
scabies in 1994, as compared to 1980. The highest indi- 
cator (per 100,000 population) for dermatomycosis con- 
stituted 100.3 in 1994, versus 83.2 cases in 1980; the fig- 
ures for scabies are 236.2 cases, versus 41.3. The max- 
imum rise in incidence of scabies was noted in Atyrau 
(51-fold), East Kazakhstan (83-fold) and Semipalatinsk 
(15-fold) oblasts. The highest indicators of morbidity 
persist in East Kazakhstan (639.8 cases/100,000 popula- 
tion), Semipalatinsk (538.8), Atyrau (424.1), and Taldy- 
Korgan (370.9) oblasts. 
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For the last 14 years there has been progressive rise in 
incidence of diabetes mellitus. The increment averaged 
8-12 percent per year. Analysis of data for different 
oblasts of this republic revealed particularly high rise in 
morbidity among the inhabitants of Semipalatinsk (32 
percent), East Kazakhstan (28 percent), and Karaganda 
(28 percent) oblasts. 


In the last decade, there has been an increasing number 
of cases of cardiovascular disease among the population 
up to 35 years old. While in-hospital mortality per 
10,000 population increased by only 0.5 percent over 
an 8-year period (1984-1991), it rose from 3.5 to 
4.1 percent in the next 3 years. The incidence of 
hypertensive and ischemic diseases has doubled in the 


last 14 years. 


The incidence of malignart neoplasms among the pop- 
ulation of this republic has a tendency toward ris- 
ing, and it constituted 176.6/100,000 in 1994. ver- 
sus 163.6 in 1980. This indicator varies from oblast 
to oblast. A high incidence is noted in East Kaza- 
khstan (268.4 cases/100,000 population), North Kaza- 
khstan (236.1), Kostanay (210.5) oblasts and the city 
of Almaty (238.0). However, it is somewhat lower in 
Zhambyl (99.7), Mangistau (125.2) and South Kaza- 
khstan (127.1) oblasts. Each year there is an increase 
in number of patients with malignant neoplasms under 
the supervision of oncological institutions. As of | Jan- 
uary 1994, there were 113.9 such cases or 680.3/100,000 
population, versus 503.2 in 1980. Life expectancy does 
not exceed 5 years from the time the diagnosis was made 
for 52 percent of these cases. 


Of the 28,748 registered new cases of malignant neo- 
plasm in 1994, 73.1 percent were classified as having 
clinical group II pathology (79.6 in 1980) and 21.6 per- 
cent — clinical group IV (20.4 percent in 1980). A 
high percentage of neglected cases is noted in Mangis- 
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tau (34.4 percent), Torgay (30.9), and Atyrau (30.2 per- 
cent) oblasts. Mortality in this republic due to malig- 
nant neoplasms constituted 130.5/100,000 population in 
1994, versus 118.6 in 1980. 


The number of registered individuals with mental illness 
is growing, and it reached 271,000 in 1994, or 1632.6/ 
100,000 population, versus 380.8 in 1960. The highest 
number of new cases of mental illness with a confirmed 
diagnosis is noted in Almaty (491.5 cases/100,000 
population) and Kostanay (322.3) oblasts, and the city of 
Almaty (255.4). The number of people on the disabled 
list due to mental illness has risen from 10 in 1980 to 
19.1 in 194 per 100 registered mental cases. 


As in prior years, there was a rise in incidence of alco- 
holism and alcohol psychosis from 25.4/100,000 people 
in 1960 to 53.8 in 1994. The highest indicators of such 
morbidity are noted in West Kazakhstan (225.8 cases), 
Akmolinsk (165.2) and Zhezkazgan (163) oblasts. 


The death rate is the most objective and important 
indicator of the health status of the population. In 
this republic, this indictor reached 9.5 cases per 1000 
population in 1994, whereas it constituted 8 cases in 
1980. Kazakhstan has lower indicators than Russia 
(12.2), Ukraine (13.4) and Hungary (14.4) for overall 
mortality, but higher ones than for the Asian CIS 
states. Mortality rates for different oblasts are listed in 


Appendix 1. 


The mortality indicator for East Kazakhstan and Semi- 
palatinsk oblasts and the city of Almaty is holding at 
a stable high level, and maximum rise in this indicator 
is also noted in the same regions (25.3, 20.9, and 24.2 
percent, respectively). The change in mortality rate as 
related to different causes is characterized by the fol- 
lowing data: 





Deaths per 100,000 population 






































1980 1990 1991 1992 1993 on 
Total deaths from all causes 798.2 169.3 797.2 815.0 990.3 955.3 
—arculatory system diseases 305.9 342.9 361.0 368.6 457.8 459.0 
—malignant neaplasms 115.2 135.1 136.5 135.6 145.6 136.4 
accidents, trauma and porsoaing 118.9 103.5 107.3 110.5 143.3 125.4 
—reapwratory diseases 131.0 73.3 4.1 72.5 92.1 87.2 
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Circulatory and oncological pathology traditionally oc- 
cupies first place among the diseases that are causes of 
death in this republic. There has been a dramatic rise in 
mortality due to accidents and trauma — almost | .5-fold 
as compared to 1965. These are substantial casualties: in 
1994 alone there were 21,318 deaths from these causes. 


It should be noted that the mortality rate is rising 
for individuals of employable age, first of all among 
men: last year about 46 percent of the men died at an 

age and 21 percent of the women of the 
same age (31 and 12 percent, respectively, in 1990). 
Mortality of employable males exceeds female mortality 
considerably: by 5 times due to accidents, murder and 
suicide, by 3 times due to respiratory diseases. There are 
territorial differences in the structure of causes of death. 
Thus, Kzyl-Orda, North Kazakhstan and Semipalatinsk 
Oblasts are characterized by a high death rate due 
to respiratory organ diseases; for East Kazakhstan, 
Kostanay and Taldy-Korgan oblasts this applies to 
diseases of the circulatory system; for Almaty, Atyrau 
and Kzyl-Orda —- infectious and parasitic diseases; for 
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Paviodar, Karaganda, Akmolinsk and East Kazakhstan 
oblasts — accidents and murders. 


This republic is characterized by a high *.fant mortality 
rate. Thus, last year 27 infants up to 1 ycar old died 
per 1000 births (32.7 in 1980). Infant mortality is 
related to a considerable extent to adverse living and 
working conditions of women, inadequate organization 
of medical care of women and children. The figures 
for infant deaths per 1000 births in highly developed 
countries are: 5 in Japan, 8 in Sweden, Finland and 
Germany. Kazakhstan is in fifth place among CIS 
states for number of deaths of infants up to 1 year 
old, following Tajikistan (45/1000 births), Turkmenistan 
(46.3), Uzbekistan (28.1) and Kyrgyzstan (29.4). 


The structure of causes of infant mortality is traditional: 
diseases of respiratory organs, intestinal infections, con- 
genital abnormalities, and other causes. Infant mortality 
due to the main causes of death is characterized by the 
following data: 
































Deaths per 1000 births 

1980 1990 1991 1992 1993 1994 
Total deaths from all causes 32.7 26.4 27.4 26.2 28.4 28.8 
—infectious and parasitic diseases 4.9 3.9 3.8 4.0 4.7 4.0 
—tespiratory diseases 17.1 79 8.6 7.6 10.0 8.0 
—dligestive organ diseases 2.2 0.2 0.3 0.2 0.3 03 
—congenstal abaormalites 18 3.2 3.3 3.2 4.1 3.2 
—states arising im perinatal pernod 3.8 8.6 8.9 8.6 10.1 8.3 
—ecadents, poisoning and trauma 1.3 1.2 1.3 1.3 | 1.6 1.5 




















As compared to 1980, there was almost 2-fold increase 
in infant mortality due to congenital abnormalities and 
conditions arising in theperinatal period; there was a 
decline to two-fifths in mortality due to respiratory 
organ diseases and to one-cleventh in the rate due 


to digestive diseases. In the last 4 years (1990-1994) 
infant mortality increased from 26.8 to 28.8/1000 births, 
mainly due to respiratory diseases. We were impressed 
by the rise of this indicator in Akmolinsk, Atyrau, 
Karaganda, and West Kazakhstan oblasts. 
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Thus, the economic and political changes in Kazakhstan There is a stable tendency toward rise in incidence of 
had a direct effect on the health of its population. There cardiovascular diseases and alcoholism. The number of 
was a dramatic increase in incidence of different infec- mentally ill people is growing. The population mortality 
tious diseases, such as destructive form of tuberculosis, indicator has risen. Diseases of the circulatory system, 
diphtheria, syphilis, gonorrhea, and scabies. There was = malignant neoplasms, accidents and murder have be- 
a rise in incidence of group IV malignant neoplasms. come the chief causes of death. 
Appendix 1. 
Death rates in different oblasts 
Oblast Deaths per 1000 people 
1980 1994 
Republic of Kazakhstan 8.0 9.5 
Akmolinsk 7.5 10.1 
Aktyubinsk 7.5 9.1 
Almaty 7.7 8.5 
Atyrau 9.4 9.5 
East Kazakhstan 9.9 12.4 
Zhambyl 16 8.9 
Zhe rkazgan 73 9.2 
West Kazakhstan 6.1 10.1 
Karaganda 7 71 | 10.2 
Kzyl-Orda 73 8.0 
Kokshetau : 8.7 10.0 
Kos" snay 8.2 98 
Mangistau 5.0 6.8 
Paviodar 7.0 98 
North Kazakhstan 9.7 10.9 
Semupalau ask 8.6 10.4 
Taldy-Korgan 6.2 94 
Torgay 7.0 8.1 
South Kazakhstan 74 7.5 
City of Almaty 9.1 11.3 
City of Leninsk 43 














1s report may contain copynghted material. Copying and dissemination 
is prohibited without permission of the copynght owners. 
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Appendix 2. 
infant deaths to 12 months of age per 10,000 births in different oblasts 
Oblast 1960 1992 1994 
Republic of Kazakhstan 327 257 288 
Absrobask 265 217 290 
Aktyubuask 362 297 289 
302 220 196 
Atyrau 380 329 356 
East Kazakhstan 323 211 257 
Zhamby| 339 337 336 
Zhezkazgan 290 237 235 
West Kazakhstan 380 237 286 
Karaganda 267 194 291 
Kzyl-Orda 283 280 277 
Kokshetau 378 232 230 
Kostanay 343 221 232 
Mangistau 320 407 309 
Paviodar 321 247 308 
North Kazakhstan 323 205 238 
Semmpalauask 357 244 288 
Taldy-Korgaa 231 215 214 
Torgay 363 311 336 
South Kazakhstan 347 296 272 
City of Almaty 251 172 170 
City of Leninek 296 310 














Russia: Continued Rise in Drug Usage Predicted 


964D0231A Chelyabinsk CHELYABINSKIY 
RABOCHIY in Russian 11 Nov 95 p 4 


[Article by Aleksandr Chursin: “Life on “Wheels*"; the 
first paray<aph is an introduction) 


{FBIS Translated Text) The international market for 
narcotics and uppers is not standing still, in one way 
or another treating its clients with “novelties.” The 
variety of strongly acting narcotic agents, which has 
been historically known and which has already become 
traditional (cocaine, hashish, heroin, marijuana), during 
the last two or three decades has been supplemented by 
tens, if not by hundreds of new types, for the most part 


due to the appearance of narcotics of synthetic origin. 
The market demand is increasing and supplies are 
being improved. In cellar chemical laboratories modern 
alchemists are no longer engaged in the search for the 
philoscpher’s stone and are not trying to transmute 
copper into gold, but are producing synthetic “white 
death,” making money on its sale. 


During the second half of the 1980's young people 
on both sides of the Atlantic were gripped by a new 
musical style called “techno,” which in a short time was 
transformed into a life style: so-called techno dances, 
techno discotheques and cafes and a techno fashion 
in clothing. Long drawn-out nighttime vigils in the 
techno discotheques with continuous rhythmic dances 
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and deafening music required a considerable reserve of 
physical and psychic forces from adolescents and young 
people. And since by no means all persons in the West in 
the age group from 1!5 to 20 years consume alcohol for 
"mood enhancement” and since strongly acting narcotics 
are not always available, the narcotics market reacted 
in a very special way to the cravings of these young 
people. 


In a very short time “harmless” (as asserted by the 
producers) uppers, specially intended for the devotees 
of long drawn-out night vigils and techno discotheques, 
were put into circulation. In the slang of young people 
they have been given different names: “techno-wheels" 
or party pills, but the term "ecstasy" has taken hold 
and come into common use. The word “ecstasy” is a 
derivative of the English abbreviation for XTC tablets. 


Soon the “ecstasy” pills became an indispensable part 
of the techno life style. Their relative cheapness made 
them easily accessible even for adolescents having 
only pocket money from their parents. In their effect 
the pills seemingly had nothing in common with the 
other traditional natural and synthetic narcotics, but 
solely on the basis of recent pharmacologic discoveries 
“enhanced” the natural potential of physical forces, 
“guaranteeing” a good mood and the sense of abandon 
necessary for long techno evenings. In addition, the 
increasing popularity of “ecstasy” pills among young 
people was facilitated by the fact that they began to 
be produced under different names, each of which had 
its corresponding color and symbol: "Adam," "Eve," 
“Love,” “Snowflake” "Snowball" and even “Gorbys.” 


But are these techno pills harmiess? It is assumed 
that the “ecstasy” pills constitute a whole group of 
synthetic substances similar in their effect on the human 
body to adrenaline. Already in 1912 the drug MDMA, 


are known. For example, one of them — MDA — in 
its effect resembling the narcotic LSD, manufactured 
on the basis of heroin, causes an exciting effect, but 
in large doses it causes hallucinations. More than 500 


Initially physicians and criminalists in the West had a 
condescending attitude toward the fashionable attraction 
of young people to the varicolored tablets so similar 
to liqueur bonbons. The alarm was sounded only after 
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several cases of unmotivated suicides of 15-16-year-old 
adolescents in whose blood evidence of “ecstasy” pills 
was discovered. 


It was found that the “harmless” tablets, with their reg- 
ular consumption, put out of action man’s subconscious 
defense mechanism and facilitate a progressive inclina- 
tion to a suicidal frame of mind. In addition, the striv- 
ing “to raise one’s mood" by means of “ecstasy” dur- 
ing evenings out or at the discotheque often results in 
the taking of several pills at the same time. The con- 
sequences of this are more than pitiful. In the course 
of a techno dance, initiated with the dancer ingesting 
the pills and continuing until he drops, since he is no 
longer capable of stopping, the body temperature rises 
to almost 42 degrees, the body becomes intensively de- 
hydrated, the heart or circulation fails, there may be 
onset of shock with a loss of consciousness, and in an 
extreme case there may be a lethal outcome. Later in 
the United States and Western Europe there were more 
than a dozen recorded cases of techno dancers who had 
danced to their deaths. 


Today specialists and criminalists have finally been 
forced to note still another negative aspect of youth's 
attraction to the pills which so rapidly have become 
fashionable. Among those addicted to “ecstasy” the con- 
viction began to spread that after an “upper” it is with- 
out fail necessary to take a “downer,” such as hashish, 
which "normalizes circulation.” Whereas prior to this 
devotees of the techno pills, indignantly disassociating 
themselves from ordinary drug addicts, asserted that 
they were being guided to the highest degree by the 
elitist philosophy of “enhanced perception,” it has now 
become clear that the “ecstasy” pills are the trivial point 
of departure on the path to more strongly acting nar- 
cotics. 


Only now is an active struggle against the “ecstasy” 
pills beginning in the West; these, according to police 
yardsticks, fall in the category of inexpensive street 
drugs of questionable synthetic production. Specialists 
feel that their danger has been recognized too late. In 
fact, in Germany alone the sale and consumption of 
techno pills has almost doubled since 1994. 


Incidentally. According to some data the “ecstasy” pills 
have already made their way to Moscow. In a number of 
elite colleges in the capital, as well as in night bars and 
discotheques frequented by young people, it is possible 
to get and try out an exotic colored “wheel.” 


In Russia Simply Drinking Is Going Out of Style 

The opinion has traditionally prevailed about Russia that 
since our fellow citizens have been historically inclined 
to strong drink, attraction to narcotics other than alcohol 
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would constitute no threat. However, it is known from 
this same history that during the 1910's-1920's cocaine 
enjoyed an enormous popularity among the creative and 
simply among the urban intelligentsia. The sniffing of 
drugs was fashionable to such a degree that even during 
the Soviet period it attracted Party members and Soviet 
officials, sometimes being used even during work time 
in the work place. Only beginning with the second half 
of the 1920's did an active struggle with the destructive 
habit begin, setting relatively cheap vodka against it as 
an “opponent.” 

Then for long decades the very term “narcotics” almost 
disappeared from the official lexicon and if it was used, 
it was only in a negative propagandistic sense for the 
“discrediting of Western myths” and characterizing the 
“finally decaying” Western culture. Although the pro- 
fessionals from the MVD [Ministry of Internal Affairs] 
beginning in the 1960's in their secret summaries and 
analyses noted with alarm the tendency to a quantitative 
increase in the number of drug addicts in the country, 
the increasing production and sale of narcotics and the 
constant increase in crimes related to this. But officially 
everything was tiptop. 

The eyes were opened only in the early 1990's when 
it became simply impossible to ignore the problem any 
longer. But time was required to get things going. Only 
a year ago, through the efforts of the MVD and 30 
other ministries and departments, a federal program 
entitled “Complex Measures for Countering the Abuse 
of Narcotics and Their Illegal Trade During 1995-1997" 
was prepared and the corresponding interdepartmental 
commission was headed up by vice prime minister 
Sergey Shakhray. 

Better late than never, but is it too late? 


For example, according to data from specialists, the 
encroachment of drugs among the Russian population 
has an undeviating tendency to an increase. During the 
last decade (1985-1995) the number of users of narcotics 
has more than doubled. About 20 percent of the adult 
population of Russia is familiar with narcotics and more 
than 2 million systematically allow their consumption. 


Law enforcement agencies with particular alarm state 
that there is a continuous increase in crimes associated 
with the production, sale and consumption of narcotics. 
Whereas in 1989 only 13,000 such cases were registered 
at the scale of what was then still the USSR, in 1993 
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in the territory of Russia alone there were 53,000 such 
cases, of which 3,500 were murders! And during the 
past year more than 70,000 narcotics-related crimes 
were registered. 


During the last two or three years internal affairs 
and special subdivision specialists on the average have 
annually rooted out about 5,000 criminal groups and 
groupings operating in the narcotics business sphere. It 
is noted that in actuality each fifth detected crime in the 
narcotics field leads to the removal of narcotics from 
the market in especially great amounts. 


According to some data, there has recently been a sharp 
increase in the scales of trade in contraband drugs. At 
the present time, according to the most approximate 
estimates, more than 40 percent of all drugs are imported 
into the territory of Russia from abroad. 


It is the opinion of specialists from the law enforcement 
agencies that there is an ongoing shift in the qualitative 
composition of drug crimes from simple possession 
and consumption in the direction of manufacture and 
distribution of drugs; in comparison with the past year 
the approximate increase is more than 30 percent. An 
ever-greater percentage in the illegal trade in drugs 
is being accounted for by so-called hard drugs — 
cocaine and heroin, which today can be acquired both 
in the street and in many nighttime bars and casinos in 
Moscow, St. Petersburg and other Russian cities. 


However, according to an assessment by specialists, as 
before one of the principal sources of entry of drugs 
into the illegal trade remains the wild-growing hemp, 
the area of whose growth in the territory of Russia and 
in the republics of the former USSR is estimated at more 
than | million hectares and whose approximate "yield" 
is estimated at | million tons of marijuana. 

As specialists in the law enforcement agencies predict, 
if the official Russian authorities do not take more 
effective measures for contending with drug addiction, 
in the next year or two one must expect its further 
increase, as well as an increase in the criminal activity 
associated with it. It is not impossible that with the 
weakening of public acuteness of perception of the 
threatening danger there may be a sharp burst of 
attraction to narcotics among definite social and age 
groups in the population, especially among adolescents 
and young people. 
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Russian Federation Decree on Measures for 
Production of Pharmaceuticals and 

Medical im 1995-1997 

964D0232A Moscow ROSSIYSKAYA GAZETA 

in Russian 28 Dec 95 p 4 


(RF decree signed by V. Chernomyrdin, chairman, Gov- 
ernment of the Russian Federation: “Decree of Gov- 
ernment of Russian Federation No 1122, 20 November 
1995 — ‘Measures for Increasing Production of Phar- 
maceuticals and Modern Medical Equipment in 1995- 
1997°"} 

(FBIS Translated Text] The Government of the Russian 
Federation decrees: 

1. The proposal of the Ministry of Health and the Medi- 
cal Industry of the Russian Federation, coordinated with 
the RF Ministry of Economics, RF Ministry of Finance 
and RF Ministry of Science and Technology Policy, 
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on the production in 1995-1997 of pharmaceuticals and 
modern medical equipment in volumes in accordance 
with Appendix No 1', is adopted. 


2. In the draft »f the federal budget for 1997 the RF 
Ministry of Finance is to make provision for the funding 
of: 


— scientific research and experimental design work re- 
lated to the organization of production of pharmaceuti- 
Cals and modern medical equipment in accordance with 
Appendix No 2'; 


— construction of medical industry enterprises and 
institutions in accordance with Appendix No 3'. 


Footnote 


1. Appendices Nos 1-3 are not published. 
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